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INVENTIONS  RELATIVE  TO  WAR  MATERIAL* 

By  CAPTAIN  W.  STROTHER  SMITH,  U.  S.  IN. 


IT  is  a  very  great  pleasure  to  me  this  evening  to  come 
and  address  you.  Xirt  accustomed  to  public  lec- 
turing, looking  at  this  audience  I  am  reminded  of 
the  big  Irishman  who  was  on  a  ship,  caught  in  a  ty- 
phoon Otl  the  China  Sea,  some  years  ago.    During  the 

storm  the  foretopgal- 
lant  mast  was  carried 
away,  and  just  as 
the  officer  of  the  fore- 
castle got  forward  he 
saw  a  great  six-foot 
Irishman  pray  i  n  g, 
"  Just  save  me  this 
time  and  I'll  never 

□ 'JdBw  B°  to  sea  again." 

,  ^fl^Sflk  A  strong  sense  of 

rfSpVjj^^^  humor  is  one  of  the 
C~^fl  *jwt n  finest  things  in  the 
Sc^NC^11*  'jftV  world.  Very  often  it 
fjQ^MKl  f\  snows  l'1e  difference 
jjjEB^~fT>  K  between  the  practical 
B^ywEBe^BI  inventor  and  the  cn- 
captain  w.  strotiif.r  smith,  v. s.  n.  thusiastic  dreamer.  A 
man  with  a  sense  of  humor  can  laugh  at  his  own  mistakes. 
A  dreamer  can  never  see  but  one  point,  and  it  is 
hard  to  steer  bun  from  it.  When  a  man  has  a  sense 
of  humor  and  you  point  anything  out  to  him  politely 
and  quietly  he  accepts  your  view. 

A  great  many  people  ask.  "  What  is  an  engineer?" 
If  we  consult  the  dictionary  we  read,  "  One  who  car- 
ries thru  or  manages  skilfully  a  project  or  scheme  by 
contrivance  and  effort."  And  then  follows  the  manu- 
facturer—and what  is  his  endeavor?  "To  fashion  into 
useful  or  desirable  form."  The  engineer  manages  skil- 
fully and  the  manufacturer  makes  something  desirable. 
We  want  nothing  else.  In  the  application  of  inven- 
tions, do  not  start  anything  that  is  going  to  take  years 
to  develop.  A  man  will  say,  "  I  have  the  most  won- 
derful machine  in  the  world."    He  is  asked.  "  What 

•Presented  at  Joint  Meeting  of  Engineers'  Club  ami  Manufac. 
Hirers' Club.  IX-eemlxr  111.  I'M 7. 


can  you  do  with  it?"  He  replies,  "Well,  here  is  a 
torpedo.  We  can  make  this  torpedo  so  that  it  will 
go  out  and  do  unheard-of  things.  We  start  this  tor- 
pedo and  it  will  go  away  over  yonder  and  follow  a  ship 
around  in  circles  and  it  is  bound  to  hit  it — can  t  get  away 
from  it."  He  is  then  asked,  "  How  do  you  make  it  ?  " 
And  he  replies,  "  Well,  of  course,  you  have  the  torpedo, 
and  what  I'll  do  is  to  put  ears  on  it  and  make  it  go 
straight  out  to  them."  I  then  explain  to  him  that  in 
order  to  do  that  it  would  be  necessary  to  change  the 
whole  design  of  the  torpedo;  that  a  torpedo  is  the  de- 
velopment of  years  of  study,  and  just  in  order  to  put 
that  little  thing  on  the  torpedo  we  would  have  to  start 
from  where  we  first  began  and  build  the  torpedo  up 
to  his  ideas. 

There  is  nothing  new  under  the  sun.  We  have  oft 
repeated  it,  and  any  one  of  you  can  fully  understand 
that  when  you  have  worked  on  an  idea  in  engineering 
or  manufacturing  little  by  little,  and  then  look  back 
on  the  thing  that  you  manufactured  ten  or  twenty  years 
ago.  you  can  pick  out  the  different  steps  of  improvement 
until  it  has  gotten  up  to  what  it  is  now  and  you  will 
recognize  it  as  the  same  thing;  yet,  if  some  one  tells 
you  that  you  can  to-day  manufacture  something  twice 
as  good  as  that,  you  laugh  at  him  and  say  it  cannot 
be  done.  If  you  want  anything  worked  out  the  best 
way,  go  into  your  establishment  and  pick  out  your 
best  men,  put  them  on  it,  give  them  a  free  hand,  and 
say,  "  Go  to  it.  If  you  want  advice,  if  you  want  help, 
come  to  me."  And  that  is  what  this  whole  country 
of  ours  must  realize.  Wre  must  sink  any  personal  am- 
bition, and  if  you  feel  that  there  is  a  right  man  at  any 
work,  let  him  do  it.  Say.  "  Co  to  it."  C  heer  him  on; 
help  him  out. 

Another  principle:  In  developing  any  new  idea  or 
invention,  round  it  out  into  form  and  put  it  into  practice. 
Do  not  change  it  every  day.  Do  as  the  automobile  manu- 
facturer does ;  get  out  a  new  model  when  the  time  comes, 
and  then  you  will  have  the  new  form  in  practical  and 
completed  shape  to  manufacture  and  put  upon  the  market. 
I  f  a  man  had  to  run  a  new  car  every  day  he  would  never 
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feet  that  sense  of  enjoyment  that  comes  with  the  wearing 
of  a  well-broken  shoe. 

A  great  many  men  come  along  with  dreams — ideas 
not  worked  out.  One  of  them  came  to  a  memlier  of 
the  Board  and  said,  "  Why  don't  we  electrocute  the  Ger- 
man submarine':''  "Why,"  we  said,  "we  would  be 
very  glad  indeed  to  have  you  tell  us  your  method  of 
doing  this."  "  Oh,"  he  said.  "  I  have  given  you  the 
idea.    You  are  an  engineer.    You  work  it  out." 

Another  has  dreams  of  projecting  wireless  waves 
out  over  the  country — electrocute  everything  :  put  them 
to  sleep  by  wireless  waves,  lie  does  not  tell  us  how — 
he  has  not  gotten  so  far:  but  he  will  divulge  it  if  you 
will  send  somebody  to  him  ami  tell  nobody  rise  about  it. 

Some  come  with  flying  devices.  "  Wouldn't  it  be 
a  wonderful  thing  if  we  could  just  simply  fly  a  devil 
torpedo  from  here  over  yonder?  "  "  It  certainly  would 
be  if  you  could  do  it:  but  how?"  "Well,  just  build 
an  aeroplane,  put  some  bombs  on  it,  put  a  watch  or 
clock  on  it.  start  it  off  and  let  it  go."  "  Now.  suppose 
you  have  a  wind  blowing  thirty  miles  an  hour  toward 
you,  where  would  it  go  in  an  hour?"  "Or.  suppose 
you  had  a  w  ind  going  at  the  rate  of  thirty  miles  an  hour 
away  from  you.  at  the  end  of  an  hour  your  aeroplane, 
if  it  traveled  fifty  miles  an  hour,  would  be  within  a 
circle  whose  radius  would  be  thirty  miles  and  fifty  miles 
away.    That  is  a  pretty  big  target  to  hit." 

How  are  we  to  enlist  the  services  of  an  engineer? 
A  good  many  years  ago  I  was  invited  to  be  a  silent  wit- 
ness of  a  test.  One  side  was  represented  by  a  man  who 
was  a  very  plausible  and  charming  man— a  college 
graduate,  but  without  much  experience  in  that  particu- 
lar branch  of  engineering  on  which  he  was  undertaking 
to  pass  judgment.  The  other  side  had  a  man  that  knew 
how  to  do  certain  things,  but  he  did  not  know  how  to 
argue  against  the  first.  When  they  conferred,  the  man 
w«ho  talked  the  best  downed  the  other,  and  the  result 
was  one  of  the  most  ridiculous  reports  that  I  have  ever 
read.  The  man  who  invited  me  said  to  me.  "  Well, 
we  don't  seem  to  have  gotten  very  far  ?  No  satisfaction 
or  real  settlement.  What  do  you  think?  What  would 
you  advise  me  to  do?  "  1  replied,  "  Why  don't  you  get 
an  engineer?  Get  some  man  who  knows  the  job  that 
you  are  after." 

Do  not  expect  one  who  knows  all  about  planting  a 
farm  to  tell  you  al>out  the  sea ;  and  do  not  ask  a  sailor 
to  be  a  farmer.  I  tried  once.  I  sowed  some  cantalou|K- 
seeds.  The  rule  said.  "  Tut  them  in  a  hill  14  inches 
high."  I  put  the  seeds  on  the  ground  and  built  a  14-inch 
hill  above  it.  Some  time  afterward  I  sent  for  an  old 
darky  and  I  said.  "  Sam,  why  don't  these  seeds  grow?  " 
And  he  said.  "  How  did  you  plant  them  ?  "  1  told  him, 
and  he  replied.  "  Captain,  they  may  come  up  next  year, 
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but  there's  one  thing  certain :  they  won't  come  up 
this  year." 

There  is  one  thing  that  requires  great  care.  It  is 
very  difficult  to  give  information  that  would  be  really- 
helpful.  Si>  much  is  confidential,  and  one  can  very 
easily  understand  that  this  must  be  kept  in  the  hands 
of  a  very  few  It  is  not  that  people  are  not  to  be  trusted, 
but  there  are  some  who  would  like  so  much  to  get  it 
that  it  is  much  the  safest  thing  to  keep  it  in  the  hands 
of  the  smallest  number.  Information  is  given  to  well- 
known  engineers  and  scientists  who  have  really  pro- 
duced valuable  devices.  So  many  write  and  say.  "  I 
have  received  no  answer."  without  waiting  a  reasonable 
length  of  time.  One  man  wrote  on  the  10th  of  the 
month  and  then  wrote  on  the  l.Hh.  If  he  received  a 
reply  in  a  month  sometimes  he  is  doing  well.  Last 
May  and  June  letters,  suggestions,  and  ideas  were  com- 
ing in  at  the  rate  of  five  hundred  to  seven  hundred  a 
day.  faster  than  any  number  of  people  could  read  them. 
To-day  letters  are  being  answered  w  ithin  two  or  three 
days — acknowledged  within  one  day :  and  those  pre- 
senting ideas  that  are  well  known  or  not  of  value  are 
informed  within  a  very  short  time.  The  cases  that 
require  further  investigation  sometimes  take  four  or 
five  weeks.  If  any  real  patriotic  citizen,  who  earnestly 
wants  to  help,  presents  an  idea,  good  or  bad,  there  is 
absolutely  no  trouble  whatever  in  getting  beyond  the 
clerks  or  the  rubber  stamp  that  so  many  suspect. 

If  all  engineers  were  to  resolve  themselves  into  what 
is  on  board  ship  the  ward-room  mess,  we  would  get 
along  finely.  The  ward-room  mess  is  composed  of  a 
large  number  of  officers,  just  as  democratic  as  they 
possibly  can  be:  at  the  same  time  recognizing  military 
authority,  but  there  is  no  one  of  them,  not  even  the 
youngest,  who  does  not  feel  that  he  can  propose  any- 
thing that  be  wants  to  propose.  He  gets  the  best 
criticism  in  the  world:  good-natured  criticism.  He 
either  goes  forward  or  is  stopped  right  there. 

So  many  people  come  and  show  things  who.  if  they 
had  gone  to  almost  any  man  based  in  the  fundamental 
principles  of  engineering,  would  have  saved  themselves 
a  great  deal  of  trouble.  All  men  with  good  engineer- 
ing knowledge  will  encourage  discussion.  Let  it  be 
known  in  communities  that  if  a  fellow -citizen  has  an 
idea  be  can  come  to  his  fellows  and  get  at  least  some 
aid  and  help.  That  is  where  you  can  help — help  won- 
derfully— help  to  keep  the  forty  thousand  inventions 
from  coming  to  Washington,  except  in  good  shape.  A 
large  number  of  them  have  some  little  defect  that  can 
easily  be  pointed  out  and  straightened  out. 

In  reducing  inventions  to  practical  engineering  con- 
ditions. Admiral  Sims  says.  "  Make  them  so  the  ordi- 
nary, everyday  sailorman  can  use  them — not  laboratory 
instruments  or  anything  of  that  kind.    Make  them  sim- 
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pie.  Cut  out  every  automatic  device."  The  hand  of  a 
man  is  the  finest  automatic  device  in  the  world,  and 
if  I  were  not  afraid  of  offending  the  sentimentalists 
thruout  this  country,  I  would  say  it  is  the  cheapest 
thing  in  time  of  war.  Xo  man  or  officer  appreciates 
anything  on  earth  so  much  as  the  chance  to  do  what 
he  has  to  do.  If  a  man  is  killed,  another  man  is  always 
ready  to  take  his  place  as  quietly  as  changing  partners 
in  a  hall-room.  Never  on  hoard  ship  is  there  any 
station  or  job  but  that  there  are  a  number  of  men  avail- 
able who  can  easily  fill  it.  Kvery  station  has  at  least 
three  or  four  men;  and  so  is  always  manned.  And 
you  can  repair  a  man  much  quicker — or  replace  him 
much  quicker— than  any  automatic  device  that  you 
have  ever  known.  Of  course,  those  •automatic  devices 
are  fixed  so  that  they  can  be  thrown  out,  but  sometimes 
they  get  jammed,  and  always  at  the  crucial  moment. 

Very  frequently,  when  an  objection  to  a  device  is 
pointed  out  to  the  man  who  has  offered  it.  he  will  say, 
"Oh,  yes;  I  have  overcome  that:  I  have  added  this" 
Then,  still  to  overcome  that,  there  is  another  one. 
"  Well,  you  see,  I  get  around  that  by  putting  something 
here."  You  have  to  go  thru  straight  to  the  point  and 
shove  all  aside  to  get  down  to  the  simple  thing  you  want. 

A  modern  battleship  is  the  result  of  years  of  study 
and  evolution — just  as  any  other  machine  that  you  may 
invent  and  that  the  engineer  or  manufacturer  puts  on 
the  market.  It  takes  a  great  deal  to  develop  it  and  a 
great  deal  to  put  it  out  of  action.  Two  torpedoes  will 
not.  and  in  some  cases  three  have  not  done  it.  We 
know  of  a  modern  battleship  that  after  being  three 
times  torpedoed  went  into  port  at  fifteen  knots. 

A  good  many  devices  show  considerable  ingenuity 
and  original  thought  by  men  who  read  deeply  <ai  all 
subjects  concerning  the  war.  A  large  percentage  of 
them  are  along  lines  already  covered.  There  are  some 
who  write  back  and  say,  "  I  don'l  think  you  looked  at 
my  invention  carefully,  and  I  should  like  to  have  the 
parts  pointed  out  to  me  wherein  it  failed."  That  is 
absolutely  impossible  with  ninety-nine  per  cent,  of 
them.  If  you  did  that  it  would  require  more  experts 
giving  their  entire  time  than  the  Xavy  Department 
possesses. 

The  usual  method  is  to  divide  any  invention  into  ten 
parts.  The  inventor  comes  with  one.  If  he  cannot 
harmonize  with  the  other  nine  his  invention  is  not 
worth  very  much. 

C  omparing  engineering  talent  thruout  the  w  orld,  we 
are  not  behind  in  talent — in  some  things  we  go  in  too 
much  for  production  and  too  little  for  fine  workmanship. 
When  we  built  the  Liberty  motor  we  got  together  the 
finest  internal-combustion  automobile  engineers  in  this 
country—  those  we  knew  were  good— and  the  Liberty 
motor  is  a  combination  of  the  finest  points  and  is  a 
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remarkably  fine  piece  of  workmanship.  One  great 
trouble  w  e  have  had  for  a  number  of  years  is  steel  cast- 
ings. We  could  buy  all  the  70,000  or  100,000-pound 
steel  castings  we  wanted-  no  difficulty  whatever.  If 
you  go  to  a  steel  foundry  man  and  say,  "  1  want  100 
20-ton  steel  castings,"  he  will  say.  "Certainly;  give 
them  to  you  to-morrow :  take  the  order  right  away." 
But  if  you  go  to  him  and  tell  him  you  want  a  thousand 
tine  steel  castings  weighing  fifty  pounds  apiece,  he 
says,  "  I  don't  know  about  that :  I  don't  think  1  can 
take  that  order;  I  couldn't  satisfy  you." 

All  shops  can  fill  up  with  castings  comparatively 
simple  to  make.  The  man  who  can  make  them  does 
so.  It  is  perfectly  natural  to  be  content  with  that: 
nobody  can  expect  anything  else. 

The  Germans  like  to  compare  engineering  talent. 
When  the  DcutscMand  came  over  their  representative 
w  ent  to  an  engine-building  company  and  said,  "  We  w  ould 
like  very  much  to  have  some  of  our  people  look  thru  your 
ship."  and  the  shrewd  reply  was,  "  We  would  be  de- 
lighted to  exchange  courtesies  with  you ;  w  e  will  send 
our  men  down  to  the  DcutscMand."  They  never  heard 
anything  more  from  him.  The  Germans  succeed  prin- 
cipally in  doing  splendid  small,  line  work;  they  build 
wonderful  submarine  engines,  because  they  do  fine 
detail  work. 

A  good  many  years  ago,  while  in  Philadelphia  in- 
specting some  castings,  1  found  the  foreman  of  the 
foundry,  a  Belgian,  who  showed  me  some  very  small 
steel  castings,  lie  could  hardly  speak  English. 
"  Why,"  I  said,  "  do  you  mean  to  say  that  you  know 
how  to  make  those:"'  He  replied.  "Yes,  in  Belgium 
we  have  made  them  for  some  y  ears."  They  were  cast- 
steel  cups  without  a  flaw  in  them.  There  has  been  little 
call  for  such  in  this  country,  but  there  is  bound  to  be 
now,  and  until  we  do  get  things  of  that  kind  we  are  not 
going  to  do  as  fine  work  as  the  Germans.  We  have 
got  to  realize  that. 

Engineering  talent  has  not  been  of  as  fast  growth 
in  this  country  as  we  would  like  to  see  it.  but  it  is  com- 
ing all  right,  and  is  about  here  now.  We  have  to  get 
over  the  idea  as  exemplified  in  the  story  of  old  Jim. 
Some  years  ago.  when  a  number  of  engineering  grad- 
uates of  the  Xaval  Academy  went  out  to  civil  life,  one 
went  out  West  and  got  a  job,  and  one  day  the  president 
of  the  firm  came  in  and  said,  "  Boys,  we  will  have  to 
shut  down  the  shop.  I  am  sorry,  because  we  are  filled 
up  with  work,  but  Jim  is  sick,  and  I  don't  know  how 
we  are  going  to  run  the  engine."  And  this  young  grad- 
uate turned  to  the  president  and  said,  "  Did  I  under- 
stand you  to  say  that  you  cannot  run  the  engine  ?  Why. 
I  can  run  the  engine."  The  president  replied,  "  Do  you 
mean  to  say  that  you  can  run  an  engine?"  He  said, 
"  Certainly  I  can."    "  Well,"  said  the  president,  "  if 
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somebody  cannot  run  that  engine  the  work  lias  to  stop." 
"  Well,"  said  the  young  man.  "  try  me."  Monday 
morning  he  went  down  to  run  the  engine  that  week. 
Before  Friday  he  found  out  that  the  engine  was  full 
of  faults.  So,  wanting  to  help  out  his  firm,  he  went 
down  Sunday,  stripped  off  his  coat,  set  the  valves, 
adjusted  the  hearings,  looked  all  over  the  engine,  and 
next  week  he  offered  to  show  the  president  of  the  firm 
how  he  could  save  twenty-five  per  cent,  of  the  coal  hill. 
The  president  was  rather  doubtful  of  it,  but  he  went 
down  and  saw  that  there  was  actually  saved  at  least 
twenty-five  per  cent,  of  the  cost  of  fuel  for  the  week. 
After  the  end  of  another  week  Jim  came  hack.  He  went 
in  to  the  president  and  said,  "  Somebody  has  lieen  fooling 
with  my  engine."  "  What's  the  matter.  Jim  ?  '"  "  W  ell, 
somebody  has  been  down  here  since  I  have  been  gone 
and  fooled  with  that  engine."  The  president  said. 
"  What  are  you  going  to  do.  Jim  ?  '*  "  Why.  I  am  going 
to  fix  her  the  way  she  was."  And  he  did.  He  went 
back  to  the  old  way  of  running  it.  and  they  paid  the 
coal  bill. 

That  is  not  done  to-day.  There  is  no  successful 
manufacturer  to-day  who  questions  the  ability  of  the 
skilled  engineer.  If  there  is  anyone  who  says  that 
manufacturers  are  not  successful,  all  he  has  to  do  is  to 
look  at  this  magnificent  building.  The  manufacturer 
is  or  has  an  engineer  ;  and  he  does  not  put  up  with 
old  practices.  That  is  why  I  say  the  engineering  talent 
to-day  is  where  it  ought  to  be. 

The  needs  of  the  Navy  will  be  met  -little  by  little — 
just  cxactlv  like  any  other  manufactured  articles,  and 
w  ith  little  improvements.  There  is  no  grand,  brilliant 
invention  that  is  going  to  win  this  war.  The  Navy  recog- 
nizes the  value  of  engineers  and  recognizes  the  value  of 
those  who  have  been  engaged  in  absolutely  practical  work. 
Recently  the  call  went  out  for  one  hundred  electrical 
engineers.  The  Naval  Consulting  Board,  the  American 
Institute  of  Electrical  Engineers,  and  the  National 
Research  Council  were  each  asked  for  nominations,  and 
out  of  two  hundred  and  fifty,  one  hundred  were  selected, 
and  on  the  list  of  the  one  hundred  will  be  found  men 
who  arc  giving  up  $10,000  a  year  to  take  $2000  positions 
in  the  Navy.  Is  not  that  fine :  The  question  was,  "  If 
selected,  will  you  serve?"  Not  one  refused.  Splen- 
did men ! 

The  American  engineer  can  adapt  himself  better 
than  any  other  that  I  have  ever  known  anywhere,  and 
I  have  known  some  all  over  the  world.  Kipling  tells 
a  very  good  story  of  the  Roer  War.  There  was  a  young 
subaltern  who  came  out  from  London  to  South  Africa, 
and  he  was  placed  under  a  colonel  who  had  done  a  great 
deal  of  campaigning  and  knew  men  thoroly.  This 
young  subaltern  saw  what  he  supposed  to  be  a  lot  of 
privates  building  a  bridge,  but  they  were  American 


engineers,  getting  anywhere  from  $40,000  to  $20,000 
a  year  and  doing  a  bit  of  adaptation  to  circumstances. 
The  Irish  sergeant  tells  the  story  of  how  this  young 
subaltern  interfered.  The  sergeant  told  his  mate  about 
what  the  colonel  said  to  this  subaltern  when  he  heard 
of  it.  He  said,  "  I've  seen  the  Dook  pass  the  time  of 
day  to  a  company  of  '( h\<e  that  went  wrong,  but  this 
was  '  Lord  love  him  for  his  mother  '  to  what  the  colonel 
said  to  the  subaltern."' 

The  engineer  and  the  manufacturer  have  grown  up 
together.  A  great  many  years  ago  the  manufacturer 
w  ho  had  good,  steady  work  and  very  keen  foresight  sent 
his  son  to  college,  made  him  an  engineer,  and  put  him 
back  to  the  manufacturing  business.  You  have  to-day 
a  manufacturer  who  is  really  an  engineer. 

The  link  between  the  manufacturers  and  the  needs 
of  the  Navy:  We  want  refinement  in  workmanship  in 
war  material,  because  we  are  not  near  the  base.  It 
has  to  go  away  off  yonder  some  place  and  tit.  It  cannot 
be  sent  back  to  have  a  little  cut  taken  off. 

They  want  prompt  deliver).  That  may  be  the 
fault,  in  peace  times,  of  the  Government,  because  red 
tape  is  not  sufficiently  cut.  We  all  know  that  and  all 
recognize  it.  but  we  are  trying  to  cut  red  tape  to-day. 
and  it  is  being  done.  I  have  seen  a  battleship  held  up 
for  two  little  pieces  of  silver  worth  about  two  dollars, 
after  all  orders  had  been  in  for  some  time.  That  is 
pretty  bad  business  management,  but  that  could  be 
cut  out  nicely  by  all  people  getting  together,  and  it  can 
be  stopped. 

They  want  correctness  of  spare  parts  If  you  have 
been  off  miles  to  sea  with  something  broken  down  and 
you  had  a  well-fitted  spare  part,  you  have  no  idea  what 
a  perfectly  fine,  comfortable  feeling  there  is.  I  knew 
an  officer  some  years  ago  who  used  to  sit  in  the  ward- 
room and  play  cribbage  a  great  deal,  and  they  tell  this 
story  of  him.  One  day  one  of  his  men  came  to  him 
and  said,  "  One  of  the  boilers  is  blown  out."  He  said, 
"  Don't  bother  me  about  that :  put  on  another."  Later 
they  told  him  that  the  starboard  evaporator  leaked. 
"  Put  on  the  port,"  he  said.  Then  they  said.  "  The  ice 
machine  is  stopped."  "  Let  me  go  out  there  at  once. 
Only  one  ice  machine." 

There  is  one  thing  we  are  coming  to — and  it  would 
have  been  a  fine  thing  if  we  had  come  to  it  a  little  sooner, 
not  only  for  the  Navy  but  everywhere  else— and  that 
is  the  use  of  gauges— plenty  of  them— so  that  they 
do  not  wear  out:  nothing  so  ensures  the  accuracy  of 
spare  parts. 

One  of  the  finest  things  that  all  of  you  can  do  is 
to  infuse  patriotism  in  your  employes.  Nothing  on 
earth  ever  made  me  feel  so  good  or  made  me  feel  so 
proud  that  I  had  spent  three  years  here  in  the  Phila- 
delphia Navy  Yard  as  to  know  that  when  there  was  talk 
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of  dissatisfaction,  the  men  of  the  yard  came  down  to 
Secretary  Daniels  and  said,  "  Mr.  Secretary,  you  can 
count  on  us."  There  is  nothing  finer  than  that.  I 
know  those  men.  I  have  spent  three  years  with  them. 
It  is  that  spirit  that  should  go  all  thru  this  country. 
If  all  the  manufacturers  and  engineers  in  this  country 
employing  men  would  only  go  among  them  and  tell 
thejn,  "  You  are  not  doing  this  for  a  dollar  or  for  your 
day's  pay.  Every  little  cut  you  take  on  this  machine, 
in  every  way  that  you  help,  in  everything  that  you  are 
turning  out,  you  are  doing  just  as  much  fine  work  as 
the  man  firing  a  gun  in  the  trenches,  every  bit!  "  Get 
that  thing  right  straight  thru  every  man  you  know ; 
get  it  all  over  the  country.  You  may  talk  about  Ger- 
man money  coming  here  to  make  our  men  discontented, 
but  you  would  stop  that  quicker  than  lightning  if  you 
gut  that  spirit  thru  the  people.  There  is  no  more 
patriotic  country  in  the  world  than  America.  Just  let 
them  know  that  our  enemies  are  telling  us  that  we  cannot 
do  certain  things  that  we  regard  as  our  birthright. 

In  the  Revolutionary  War  they  went  to  the  moun- 
taineers back  of  the  Allegheny  and  Blue  Ridge  range. 
Those  men  did  not  care  for  England  or  for  anything 
else.  They  were  perfectly  satisfied  to  live  in  peace  in 
the  mountains.  They  were  brought  in  the  war  because 
they  went  to  them  and  said,  "  Look  here:  King  George 
of  England  said  you  sha'n't  drink  tea."  And  they  said, 
"  He  does,  does  he?  "  Their  rights  were  interfered  with, 
and  that  is  what  put  them  into  the  war.  So  I  say  to 
you.  go  out  and  tell  the  people  all  over  this  country  that 
we  cannot  have  the  freedom  of  the  seas.  Tell  them  that 
our  women  and  children  cannot  travel  this  world  in  com- 
fort and  safety,  and  tell  them  that  our  particular  liberties 
are  being  trodden  on.    That  is  the  way  to  reach  them. 

There  is  hardly  a  manufactured  article  made  to-day 
that  does  not  enter  into  the  needs  of  the  war,  and  anyone 
that  works  can  help. 

Relating  some  of  my  few  personal  experiences.  I 
received  a  letter  just  the  other  day  in  which  was  written, 
"  In  an  endeavor  to  introduce  myself  to  the  Government 
as  the  most  useful  man  in  the  world.  I  am  having  the  time 
of  my  life."  He  wrote  ten  pages,  telling  us  what  a  good 
time  he  was  having,  and  then  said,  "  I  have  a  very  won- 
derful flying  machine.  If  you  want  to  know  about  it, 
write  me."  I've  worn  out  three  or  four  pairs  of  glasses 
reading  letters  of  that  kind.  Another  man  said,  "I  want 
a  million  dollars  for  my  idea."  He  said,  "  Don't  worry 
about  it  at  all ;  the  Treasury  Department  down  there  can 
print  enough  money  while  you  are  reading  this  letter 
to  pay  me." 

One  man  facetiously  wrote  to  a  member  of  the  Con- 
sulting Board,  and  picked  out  the  wrong  man.  because 
he  picked  out  a  man  with  a  very  dry  sense  of  humor. 
He  commenced  with.  "Perhaps  you  receive  a  large  num- 
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ber  of  ridiculous  and  foolish  ideas.  Maybe  this  one  is 
one  of  the  chief  ones  among  them."  And  he  received 
a  very  prompt  answer,  informing  him  that  he  was  correct 
in  both  his  premises. 

I  had  the  temerity  to  write  an  article  last  spring,  and 
among  the  letters  I  received  was  one  from  a  man  who  said, 
"  I  sent  in  my  views  about  six  months  ago,  and  since  I 
have  sent  them  I  have  read  your  article  and  I  am  par- 
ticularly impressed  with  the  last  paragraph,  in  which 
it  was  suggested  that  the  ridiculous  proposition  of 
to-day  may  be  seriously  considered  to-morrow  and  the 
day  after  prove  the  safeguard  of  the  nation."  That 
was  a  little  journalistic  touch  I  thought  I  would  end 
with.  He  said.  "  I  am  submitting  my  idea  now  again 
to  you  on  the  strength  of  that  last  paragraph."  I  sent 
it  back  with  the  reply,  "  My  dear  sir:  I  am  very  glad 
to  read  your  letter  and  appreciate  the  compliment,  but 
your  idea  is  still  the  ridiculous  proposition  of  to-day." 

A  great  many  inventors  quote  the  old  proverb  that 
"  Necessity  is  the  mother  of  invention."  That  is  true; 
but  she  has  some  queer  sons.  One  is  the  patriotic  son : 
he  is  all  right.  A  very  large  percentage  of  ideas  are 
sent  in  by  people  who  have  a  very  earnest  sense  of 
patriotism — who  have  no  idea  whatever  of  personal 
gain  or  notoriety  or  anything  but  a  real,  earnest  desire 
to  help  the  Government,  and  they  get  all  the  attention 
that  it  is  possible  to  give  them.  They  also  get  sincere 
thanks — really  sincere  thanks.  There  are  a  few  who 
write  in  for  notoriety,  and  it  sticks  out  all  over,  too. 
Some  write  in  for  pecuniary  gain,  and  value  their  inven- 
tions anywhere  from  $100,000,000  down.  I  do  not 
know  any  of  this  class  that  has  come  down  to  less  than 
$50,000.  They  remind  me,  a  good  many  of  them,  of  a 
gentleman  I  once  knew.  He  said  that  a  friend  of  his 
had  become  broad  minded,  very  broad  minded;  he  is 
a  very  large  man ;  you  would  hardly  know  him.  "  Why, 
he  said,  $50.00  is  nothing  to  him"  "Just  half  a 
hundred." 

If  every  man  in  sending  in  a  proposition  would  come 
down  to  a  thoroly  concrete  principle  and  not  waste  time 
saying  he  is  the  son  of  somebody  who  fought  in  the  Revo- 
lutionary War,  or  telling  his  family  history,  but  just  state 
what  he  has,  it  would  save  valuable  time.  If  the  idea 
is  good,  it  stands  for  itself,  and  if  it  is  not,  it  gets  the 
same  attention  and  a  reply  of  thanks.  If  it  is  necessary 
to  inquire  into  a  man's  good  will,  or  whether  he  is 
patriotic,  or  whether  he  wants  information,  it  is  per- 
fectly wonderful  how  quickly  you  can  find  out.  There 
is  no  question  that  a  good  many  persons  send  letters 
asking  questions,  and  very  leading  questions, 'for  confi- 
dential information,  in  the  hope  that  somebody  will  tell 
them  something.  Sometimes  it  is  apparent.  I  had 
occasion  to  investigate  a  man  who  was  asking  rather 
pertinent  questions.    I  was  informed  in  ten  minutes  of 
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his  whole  history.  I  concluded  I  had  hetter  tell  noth- 
ing. It  is  perfectly  wonderful  how  extremely  efficient 
is  our  Secret  Service.  A  great  many  people  have  an 
idea  that  we  are  easy  going. 

One  of  the  finest  letters  received  was  from  a  man 
who  took  a  clipping  from  a  magazine,  giving  an  illus- 
tration of  the  periscope  of  a  stihniarine  traveling  thru 
the  water.  He  sketched  a  little  appliance  on  it  and 
said,  "  Is  the  idea  as  illustrated  herewith  of  any  value  ?  " 
That  is  all  he  wrote.  I  was  so  pleased  with  his  brevity 
and  so  flattered  that  he  gave  me  credit  for  knowing 
exactly  what  he  meant  that  I  wrote  him  a  full  letter 
of  thanks  and  appreciation. 

It  is  the  hardest  thing  to  do,  when  a  man  semis 
you  the  product  of  his  brain,  perhaps  of  years,  t<>  tell 
him  it  is  absolutely  useless.  It  is  almost  like  slapping 
him  in  the  face.  A  great  many  people  who  come  in 
have  worked  on  their  ideas  a  good  many  years,  and 
some  of  them  have  come  from  long  distances  to  Wash- 
ington. It  is  the  easiest  thing  on  earth  to  tell  them 
to  go  and  get  a  patent,  but  that  is  not  honest :  that  is 
not  the  ethics  of  an  engineer.  No  engineer  would  hack 
me  uj)  on  that.  Vet.  at  the  same  time,  I  have  to  sit 
down  and  crush  that  man's  hopes,  because  it  is  right  to 
tell  him.  as  an  officer  of  the  Government,  not  only  that 
we  do  not  want  it,  hut  to  save  him  any  further  ex- 
penditure of  money.  One  man  told  me  he  had  spent 
S16.000  in  developing  or  working  on  an  idea  that  any 
one  of  us  could  have  told  him  in  rive  minutes  was  not 
worth  knowing.    It  was  fundamentally  wrong. 

Now  that  is  what  I  want  the  engineers  of  this  coun- 
try to  help  in.  I  want  the  ethics  of  the  profession  so 
great  that  it  will  save  the  people  who  cannot  afford  to" 
spend  the  money  on  things  of  no  value,  and  to  give 
credit  and  encouragement  for  the  things  that  are  good. 
These  men  who  spend  their  time,  a  great  many  of  them, 
will  realize  it  if  told  kindly,  and  be  all  the  better  citi- 
zens for  it.  Let  it  be  a  duty  that  we  all  owe  our  coun- 
try to  do  that — especially  now. 

The  English  scientists  who  came  over  here  said 
they  received  about  a  thousand  letters  for  every  cas- 
ualty. When  the  Amities  w  as  sunk  we  had  immediately 
an  increase  of  from  fifty  to  one  hundred  a  day.  After 
this  very  sad  catastrophe  we  will  have  several  hundred 
more,  each  telling  if  we  had  used  his  device  it  would 
not  have  happened.    The  English  said  that  the  worst 


OP  PHILADELPHIA 

enemies  they  had  to-day  were  the  enthusiasts  and 
fools,  and  of  the  two.  the  fools  were  the  more  honest. 

One  man  came  in  with  a  device  for  a  submarine, 
absolutely  confident  that  it  was  the  finest  thing  that 
had  been  presented.  I  le  was  a  good  seaman  and  a  man 
of  a  great  deal  of  intelligence.  The  simplest  way  to 
talk  to  him  was  the  common-sense  way.  "  Xow,  I'll 
play  the  submarine  with  you.  1  will  be  the  German 
submarine  and  you  will  lie  the  American,  w  ith  your 
idea.  We  will  divide  up.  first  into  visibility,  maneuver- 
ing, speed  submerged,  speed  on  the  surface,  ability  to 
stay  down,  readiness  in  action  ":  going  into  all  the  dif- 
ferent points.  "Now,  you  will  take  a  plus  where  I 
am  out  and  I  will  take  the  minus;  and  where  you  are 
out  I  will  take  the  plus  and  you  take  the  minus,  and 
if  at  the  end  you  have  more  plusses  than  I.  then  your 
idea  is  a  good  one."  And  that  is  the  usual  way  with 
so  many  of  them.  They  come  with  the  one  idea,  and 
we  have  to  fit  the  other  nine  out  of  ten  to  it. 

On  ship  protection  w  e  have  had  at  least  three  thou- 
sand. The  Army  had  two  hundred  centrifugal  guns, 
and,  to  beat  the  submarines.  I  do  not  know  how  many. 
Everybody  has  a  baby  submarine,  from  Mr.  Ford  down. 
When  you  know  exactly  what  a  torpedo  can  do,  what 
its  speed  is.  what  its  pow  er  is,  that  it  is  the  development 
of  years  of  study  and  has  the  finest  mechanism  that 
can  possibly  be  made— nothing  finer  in  workmanship; 
takes  an  enormous  amount  of  power  to  drive  it  at  high 
speed,  you  calculate  that  a  baby  submarine  about  forty 
feet  long  and  four  and  one-half  feet  in  diameter  would 
take  at  least  a  thousand  horsepower  to  drive  at  the  -peed 
he  wanted,  and  if  any  man  thinks  that  he  can  get  a 
thousand  horsepower  in  a  boat  of  that  size,  then  he  is 
a  better  engineer  than  I  am. 

Some  time  ago  a  friend  of  mine  asked  what  people 
could  do  to  help.  "  Well,"  I  said,  "  you  have  your 
brawn,  your  brains,  and  your  bonds.  We  will  call 
them  faith,  hope,  and  charity.  You  have  faith  in  your 
brawn  and  hope  in  your  brains,  and,"  I  said,  "  I  do  not 
know  but  the  Bible  is  right :  perhaps  charity  is  the  best 
of  them  all." 

The  biggest  engineering  job  that  the  world  know  s  to- 
day is  this  war.  Going  back  to  our  definition  of  the 
engineer,  the  greatest  engineer  in  this  world  is  the 
President  of  the  United  States.    Gentlemen,  follow  him. 
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THE  WAR  IN  THE  AIR* 

By  G.  DOUGLAS  WARDROP 

Editor,   Aerial  A<;e  Weekly."  New  York 


AERONAUTICAL  enthusiasts  believe  that  the  air 
/-X  service  is  going  to  prove  to  be  the  most  Important 
single  service  in  either  land  or  naval  warfare.  In 
talking  only  yesterday  with  the  Hoard  of  British  ( >fficers 
who  have  come  to  this  country  for  the  purpose  of  coop- 
erating with  our  Army 
and  Navy,  they  stated 
that,  while  they  appre- 
ciate what  America  is 
going  to  do  for  the 
Allies  in  the  way  of 
supplies  and  in  the 
way  of  providing  hu- 
man material,  they 
agree  that  the  most 
important  coi  >jH-rat  ion 
we  arc  going  to  extend 
to  the  armies  in  the 
field  is  to  be  the  huge 
air  fleet  we  have  al- 
ready started  building 
in  this  country.  When, 
two  months  ago,  Sec- 
retary of  War  Baker  announced  that  he  had  accepted  a 
program  calling  for  the  building  of  22,000  aeroplanes  and 
thereby  committed  this  country  to  a  huge  air  program,  and 
subsequently,  when  he  increased  those  figures  by  saying 
that  by  December,  1°-18,  America  would  have  built  and 
equipped  50,000  aeroplanes,  then  he  accepted  a  program 
beyond  the  happiest  exudations  of  any  aeronautical  ex- 
pert or  enthusiast  in  the  country.  The  entire  automotive 
industries — motor  boat,  automobile,  tractor — are  doing 
their  best  to  cooperate  with  the  original  aeronautical 
industry  in  building  the  parts  for  the  50,000  machines 
we  are  to  deliver  to  Europe  during  the  next  twelve  months. 

It  was  interesting  to  me  to  read  the  other  day  in  a 
German  paper  that,  almost  coincident  with  the  first  an- 
nouncement of  the  Secretary  of  War,  Germany  had  de- 
cided to  eliminate  for  the  time  being  the  Zeppelin  con- 
struction, and  tO-day  every  piano  factory,  every  furniture 
factory — every  factory  that  was  concerned  with  the  build- 
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ing  of  Zeppelins  and  dirigible  tyi>cs  of  aircraft  is  turning 
its  attention  to  the  building  of  heavicr-than-air  machines- 
aeroplanes.  The  aerial  observers  of  the  Allies  who  have 
gone  sufficiently  far  behind  the  German  lines  have  dis- 
covered that  the  Germans,  instead  of  constructing  dir- 
igibles, are  now  building  the  largest  and  latest  types  of 
bombing  machines,  and  these  are  being  tested  in  great 
quantities.  In  other  words,  Germany  has  accepted  our 
challenge,  and,  while  even  engineering  industry  in  this 
country  is  in  some  way  interested  and  concerned  with 
our  aeronautical  program,  our  engineers  must  not  per- 
suade themselves  that  we  have  an  easy  task  in  hand. 

To  day  the  war  map  of  Europe  demonstrates  that 
Germany  has  pretty  nearly  realized  what  she  has  set 
out  to  accomplish.  When  the  war  started,  in  1°14, 
the  German  Empire  already  had  a  definite  desire  to 
secure  a  clear  open  stretch  of  territory  from  Berlin 
to  Bagdad,  and  that  to-day  is  realized.  The  con- 
ditions during  the  last  three  years  have  prevented, 
fortunately,  a  realization  of  many  of  the  Teutonic  plans, 
but  the  fact  remains  that  their  first  endeavor  has  been 
achieved.  We  have  to  recognize  that  we  are  not  getting 
into  a  campaign  where  we  are  going  on  the  already-won 
side,  but  on  the  side  that  is  at  the  moment  on  the  ascen- 
dency, and  it  is  up  to  us  to  accelerate  for  that  side  the 
ascendency,  and  especially  in  the  air.  Germany,  single- 
handed— for  we  can  almost  eliminate  Austria — has  kept 
her  own  in  the  air  war.  Step  by  step,  when  the  Allies  for  a 
short  period  had  a  better  machine,  it  was  only  a  matter  of 
three  or  four  weeks  until  a  machine  came  from  the  other 
side  of  the  trenches  that  was  equally  as  good,  if  not  a 
trifle  better. 

The  ingenuity  of  the  Germans  in  meeting  some  of 
these  steps  is  immensely  interesting.  About  six  months 
ago  the  fabric  market  in  Germany  was  peculiarly  threat- 
ened. Eor  a  long  time  they  had  been  utilizing  linen,  and 
to-day  we  are  almost  exclusively  utilizing  it  in  this  coun- 
try. <  iermany,  running  short  of  linen,  began  to  use  cotton. 
Experts  were  kept  busy,  and  it  was  found  that  the  supply 
could  be  conserved  by  using  a  very  thin  product,  covered 
w  ith  casein,  a  by-product  of  buttermilk.  That  almost 
muslin-like  fabric  of  cotton  has  been  covered  with 
casein  and  subsequently  treated  with  varnish,  and 
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to-day  Germany  is  making  her  machines  with  this 
type  of  fabric  am)  saving  her  cotton  supply  to  the 
extent  of  a  little  over  fifty  per  cent.  I  have  it  from 
fairly  reliable  authority  that  only  a  few  weeks  ago 
a  machine  was  brought  down  on  the  French  lines  made 
of  very  thin  sheet  metal,  stani|>ed  out  as  in  the  ordinary 
metal-stamping  process.  Those  of  you  present  who  arc 
engineers  will  appreciate  exactly  what  that  means.  If 
successful,  ( iermany  will  he  able  to  turn  out  as  many 
a  day  as  she  desires.   The  stamping  process  can  be  ac- 


our  feeling  that  Germany  is  on  her  knees,  from  the  stand- 
point of  lack  of  raw  material,  is  due  merely  to  a  lack  of 
knowledge  concerning  the  real  situation.  Germany,  when 
the  war  broke  out,  took  the  matter  scientifically.  Its 
whole  system  of  education  and  dissemination  of  knowl- 
edge to  the  people  is  such  that  they  immediately  began  to 
take  as  a  matter  of  course  the  stringencies  of  war  and 
accepted  as  a  desirable  thing  that  their  portion  should  be 
cut  down,  that  their  materials  should  be  limited,  and  so, 
a-  mam  of  vou  know,  the  inmiciKc  -hire-  of  matt-rial  in 
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celerated  to  any  degree  desirable,  and  if  that  form  of 
construction  is  adopted  we  will  again  have  another  unit 
to  consider  in  the  matter  of  dominant  production  for 
the  Allies  as  against  Germany.  They  have  secured 
thru  their  territory  huge  supplies  of  raw  .material  in 
northern  France  and  Koumania.  and  there  is  no  ques- 
tion that  Germany  has  enough  raw  material  to  last 
for  almost  any  kind  of  enlarged  air  program  for  several 
years  to  come. 

I  was  talking  recently  with  a  Swede  who  had  been  in 
(iermany  only  five  months  ago;  he  said  that  much  of 


Germany  are  being  given  out  by  card  in  every  direction 
with  the  view  that  they  shall  be  spread  over  the  necessary 
period  of  years  during  which  it  is  expected  by  the  Ger- 
mans that  they  will  be  successful  in  achieving  their  object. 
So  when  we  as  engineers  face  the  situation  of  giving  our 
Allies  supremacy  of  the  air  we  have  not  for  a  moment  to 
make  ourselves  believe  that  we  have  an  easy  program  in 
hand.  We  shall  have  to  work  seven  days  a  week,  twenty- 
four  hours  a  day,  with  all  our  energies  toward  the  end 
that  in  July  of  next  year,  as  our  War  Department  hope- 
fully states  it,  we  shall  turn  into  the  field  20,000  aero- 
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planes.  If  we  do,  we  shall  thereby  give  very  real  assist- 
ance to  the  Allies,  hut  not  the  dominance  of  the  air. 

The  progress  of  the  war,  notwithstanding  the  fact 
that  it  is  only  three  years,  has  been  more  phenomenal  in 
the  air  service  than  in  any  other  unit  of  modern  warfare. 
\\  hen  the  war  started  there  were  available  only  a  few 
hundred  machines.  To-day  it  is  stated  on  the  authority 
of  the  military  experts  that  it  is  reasonable  to  believe 
there  are  in  use  in  the  different  countries  at  war  some- 
where in  the  neighborhood  of  25,000  machines.  There 
has  been  a  wonderful  expulsion  of  aeronautical  produc- 
tion and  in  the  matter  of  records  of  sj>eed  and  endurance. 
Only  the  other  day  an  aviator  arrived  in  England  with 
three  stops  fn  route — made  a  successful  stop  at  Constan- 
tinople, dropped  a  quantity  of  bombs,  and  returned,  cov- 
ering a  distance  of  nearly  two  thousand  miles.  Further- 
more, reports  came  thru  only  yesterday  that  a  machine 
remained  in  the  air  but  a  few  minutes  less  than  twenty- 
four  hours  before  making  a  landing. 

When  the  war  broke  out  a  speed  of  around  a  hundred 
miles  an  hour  for  an  aeroplane  was  considered  excessive. 
To-day  we  have  official  rc)X)rts  from  Italy  stating  that 


practical  tests  have  given  the  lie  to  trigonometry  in  this 
as  in  a  number  of  directions  in  the  war. 

When  the  real  air  battle  commences  next  year  we 
shall  have  in  the  air  a  realization  of  w  hat  we  have  hitherto 
accepted  as  naval  strategy.  It  will  be  the  endeavor  of 
the  Allies  or  the  Germans  to  eliminate  from  the  air  the 
fast-fighting  machines  of  the  enemy.  When  the  fast- 
fighting  machines  of  one  side  have  gone,  then  will  come 
on  the  heavier  machines,  reconnaissance  machines.  Then 
will  come  dreadnoughts  of  the  air  with  huge  car- 
rying capacity.  Do  you  realize  that  to-day  a  machine  is 
successfully  flown  in  Italy  that  takes  into  the  air  a  load 
of  bombs  a  little  in  excess  of  two  and  a  half  tons?  We 
have  to-day  literally  reached  the  aeronautical  dreadnought 
stage,  and  w  hen  these  dreadnoughts  pass  over  the  line, 
not  in  tens  but  hundreds  and  possibly  thousands,  then  we 
shall  realize  the  real  war  in  the  air. 

Can  you  imagine  the  havoc  that  could  be  w  rought  with 
a  fleet  of  one  hundred  bomb-earning  aeroplanes,  each 
carrying  two  and  a  half  tons  of  bombs?  Only  the  other 
day  there  was  an  interesting  front  page  of  the  .Yrtr  York 
Times.   On  one  column  it  was  shown  how  the  Italians 


ROLL-CALL.  PREPARATORY  TO  SETTIXO-UP  EXERCISES  AT  ONE  OP  THE  V  S  ARMY  AVIATION  PIELDS 


the  l'omelio,  a  very  small  machine  with  a  wing  spread  of 
about  eighteen  feet,  has  developed  a  speed  in  excess  of 
one  hundred  and  fifty  miles  an  hour,  and  to-day  plans 
are  being  laid  for  another  type  of  plane  with  an  even 
greater  horsepower  which,  when  completed,  will  de- 
velop a  speed  of  somewhere  in  the  neighborhood  of  one 
hundred  and  seventy  miles  per  hour. 

Before  the  war  broke  out  we  had  it  conclusively  proved 
by  diagrams  and  calculus  that  no  machine  could  success- 
fully traverse  the  air  at  a  greater  s|>eed  than  one  hundred 
and  twenty  miles  an  hour.   This  looked  fine  on  paper,  but 


met  with  success  on  the  frontier.  The  Italian  machines 
had  passed  over  the  trench  lines,  opposing  temporarily 
the  transmission  of  enemy  troops  and  consequently  giv- 
ing the  Italians  an  opportunity  to  rush  on  successfully. 
The  Italians  took  advantage  of  this  and  made  a  dent  in 
the  Austrian  line.  In  the  very  next  column  a  statement 
was  made  concerning  the  condition  on  the  Western 
Front,  where  it  was  noticed  a  certain  delay  had  occurred 
in  the  affairs  of  the  Germans  at  certain  railroad  sidings 
and  railroad  junctions.  One  lesson  applied  to  the  other. 
If  the  French  had  had  a  sufficient  number  of  Italian 
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HOISTING  A  SEAPLANE  OF  THE  ROYAL  NAVAL  AIR  SERVICE  ON  BOARD  A  MOTHER- 
SHIP  AFTER  A  RECONNAISSANCE  PLIGHT  OVER  THE  NORTH  SEA 


twenty-four  years  of  age.  Then  he  has 
the  courage  of  youth — the  nerve  and 
the  spirit  of  courage  which  are  neces- 
sary for  an  airman.  Every  airman,  when 
in  the  air,  is  face  to  face  with  death. 
When  he  gets  in  the  air  against  an 
opponent,  he  is  face  to  face  with  death 
twice  certain.  You  can  stand  in  the 
trenches  without  seeing  anybody  on  the 
other  side.  You  know  during  the  day 
you  can  throw  over  hand  grenades  and 
fire  your  rifle.  When  in  the  air  you  see 
your  opponent  and  know  that  the  best 
man  is  going  to  make  his  landing  on  his 
home  hangar,  The  other — no  one  knows 
where.  That  spirit  of  gallantry  brought 
forth  a  spirit  of  human  sympathy,  and 
at  precisely  the  same  time  next  day  an 
aviator  would  fly  over  that  side,  fly  low 
and  drop  down  a  wreath  of  flowers  with 
types  of  machines  carrying  loads  of  bombs,  some  weigh-  a  message  and  the  little  personal  belongings  of  the  aviator, 
ing  upward  of  one  hundred  and  fifty  pounds,  and  had  It  does  not  mean  much  to  have  a  cigarette  case  or  photo- 
dropped  them  on  the  precise  spots  where  the  delay  graph  or  souvenir  that  may  have  been  of  a  very  personal 
occurred,  we  can  imagine  that  the  delay  could  have  been  nature,  but  away  from  the  lines  where  the  sweetheart 
continued  indefinitely.  Had  it  been  so  continued,  then  is  waiting  it  means  a  great  deal  to  have  that  little 
our  good  friend  ttyng  would  have  had  an  excellent  souvenir  of  her  boy  who  fought  and  fell ;  and  that  spirit 
opportunity  of  driving  the  wedge  a  little  further.  That  was  demonstrated  on  many  occasions,  when  such 
has  been  the  difficulty  on  the  Western  Front — a  lack  of  souvenirs  as  these  were  sent  back  to  the  home, 
cooperation  among  the  15ritish  fend  the 
French.   While  these  two  countries 

were  facing  the  same  problems,  two 
separate  laboratories,  one  in  Trance 
and  one  in  Great  Britain,  were  con- 
ducting a  series  of  testing  concerning 
the  same  proposition,  but  results  con- 
cerning these  te>-t>  were  not  transferred 
until  a  few  months  ago.    The  scien- 
tists who  were  back  of  the  lines  did  not 
think  it  desirable  to  compare  notes.  It 
has  been  a  very  difficult  matter  to 
eliminate  professional  jealousy.  Only 
now  are  they  beginning  to  eliminate  that  thru  sheer.neces- 
sity.    If  you  could  get  the  experts  of  the  Allies — 
French,   British,  Italian,  and  American — to  sit  in 
council,  it  would  do  more  than  any  other  getting 
together  possible. 

In  the  human  side  of  the  war  in  the  air  we  have 
built  Up  in  three  years  the  most  remarkable  body  of 
aviators  the  world  has  ever  seen.  They  are  mostly 
young  men.    The  desirable  airman  is  from  nineteen  to 


A  REMARKABLE  PHOTOGRAPH  OF  A  HERMAN  MACHINE  WITH  THE  OBSERVER  IXD14  AT- 
ING  CLEARLY  BY  RAISING  HIS  HANDS  ABOVE  HIS  HEAD  THAT  HE  HAS  HAD  ENOUGH 


On  the  other  hand,  there  were  humorous  incidents. 
A  French  aviator  was  sent  over  the  lines  with  a  new 
type  of  machine;  it  was  the  first  time  it  had  been  tested, 
and  the  mechanic  did  not  pay  as  close  attention  to  the 
machine  as  he  should  and  suddenly  the  pilot  discovered 
that  he  had  run  short  of  gasoline,  with  the  result  that  he 
had  to  land  on  the  German  lines.  The  Germans  won- 
dered how  they  could  succeed  in  getting  a  test  made.  It 
was  at  once  realized  that  if  he  .made  the  test  he  would 
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doubtless  make  a  get-away.  It  was  decided  that  two 
German  officers  should  get  into  the  machine,  each  with 
a  revolver  at  his  ear.  It  may  not  have  occurred  to 
them  that  had  they  shot  him  it  would  have,  brought 
them  down  quite  as  surely  as  him,  but  they  got  into 
the  machine  and  the  French  aviator  went  up  and  up  until 
he  got  somewhere  around  the  10.000-foot  mark,  when  the 
Germans  began  to  get  just  a  trifle  nervous  and  they 
suggested  that  it  would  be  a  good  idea  to  take  them 
down  again.  It  so  happened  that  this  Frenchman  was 
one  oi  the  best  exhibition  flyers  and  stuntsters  that  was 
known  before  the  war.  so  he  stated  he  would  be  glad 
to  bring  them  down.  He  nosed  down  the  machine  and 
made  a  perfect  loop.    The  Germans  went  down ! 

Almost  simultaneously  with  the  receipt  of  that 
description  a  report  came  thru  from  the  Russian  front 
where  a  young  Austrian  officer  who  was  making  his 
last  flight  had  to  come  down  and  rush  in  line.  When 
the  .Austrian  officers  went  to  capture  his  machine  they 
found  him  crying  bitterly — something  remarkable  for 
an  airman  to  do.  They  discovered  that  on  the  day 
afterward  he  was  to  be  at  the  altar  by  the  side  of  his 
bride  to  be  married.  The  Austrian  officer,  notwith- 
standing it  was  in  the  fall  when  few  flowers  were 
available,  succeeded  in  scraping  enough  leaves  and 
flowers  to  make  a  l>oiiquet,  to  which  was  attached  a 


message  from  the  officer  somewhat  along  the  lines  that 
they  were  tremendously  sorry  that  the  fates  of  war 
had  transferred  the  young  officer  to  their  keeping  for 
the  time  being,  but  they  wanted  to  assure  the  young 
lady  who  was  waiting  that  when  the  war  was  over 
her  man  would  be  delivered  safely  to  her,  and  the 
interruption  of  festivities  was  a  subject  of  great  regret 
to  the  Austrian  officer.  So  it  went  for  the  first  two 
years  of  the  war.  To-day  air  warfare  has  assumed 
too  grim  proportions  for  such  festivities  or  courtesies, 
when  you  realize  that  machines  are  not  going  over  the 
lines  in  ones  or  twos,  but  flying  just  the  same  as  men 
go  toward  the  trenches  with  their  rifles  and  bayonets,  in 
tens  and  twenties,  each  in  their  allotted  space.  The 
time  has  passed  when  the  wreaths  of  flowers  are  elim- 
inated :  but  it  was  a  happy  stage  of  the  war  in  the  air 
and  it  represented  in  that  war  in  the  air  a  phase  of  de- 
velopment. There  was  a  time  when  the  gallant  soldiers 
of  yore  went  out  with  armor  plate,  but  that  time  has 
passed.  So  has  the  air  courtesy  gone.  Xcxt  year  the 
grim  tussle  will  come  when  there  will  be  in  the  air  at  one 
time  probably  several  thousand  machines.  It  is  difficult 
to  imagine  the  picturesque  sight  of  such  a  fleet,  and 
it  is  necessary  to  see  a  number  of  machines  in  the 
air  before  we  can  begin  to  appreciate  that  side  of 
the  subject. 
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IN  the  Conduct  of  modem  business  the  application  of 
efficient  methods  is  essential.  The  development  of 
large  industrial  corporations  is  justified  on  the  basis 
that  centralized  elTort  makes  for  efficiency.  To  the 
modern  business  concern  of  recognized  standing,  effi- 
ciency means  not  alone  maximum  output,  but  the 
application  of  the  doctrine  of  satisfaction. 

There  is  evidence  on  every  hand  of  the  effort  on 
the  part  of  manufacturers  to  render  service  ;  to  impr<  n  v 
the  quality  of  their  products.  These  are  possible  only 
when  the  fundamental  determination  of  values,  applied 
in  the  se\er;i]  -tagrs  of  manufacture  or  output,  are  made 
with  all  reasonable  precision. 

The  application  of  electricity  to  practically  every 
industry  has  been  incident  to  a  development  in  the 
electrical  world  itself  thru  which  electrical  appliances 
for  use  in  the  allied  sciences  and  industries  were  pos- 
sible. Some  one  has  said  that  there  is  perhaps  less  ex- 
cuse for  not  being  successful  when  using  electricity 
than  when  using  any  other  agent.  Perhaps  our  con- 
temporary scientists  are  justified  in  such  an  attitude. 

Recent  developments  in  the  engineering  world  have 
made  possible  a  marked  improvement  in  the  efficiency 
of  operation  not  alone  in  engineering  concerns,  but  in 
all  industries.  The  application  of  the  results  of  the 
most  recent  investigations  along  the  lines  of  scientific 
research  have  brought  within  the  reach  of  the  practical 
operator,  supervisor,  administrator,  and  engineer,  ready 
devices  by  means  of  which  the  efficiency  of  operation 
can  be  determined  .with  precision. 

The  modern  electric  utility  must  include  in  its  equip- 
ment standards  for  reference  having  ;i  degree  of  pre- 
cision, dependent  upon  the  character  and  magnitude 
of  its  efforts.  Owing  to  the  education  of  the  public, 
and  the  consequent  establishment  of  Public  Service 
Commissions,  Statutes,  and  Ordinances,  it  is  made 
obligatory  upon  the  utility  to  have  available  certain 
reference  standards,  or  to  make  provision  for  having 
working  standards  checked  at  some  recognized  lab- 
oratory ;  but  the  truly  efficient  utility,  the  magnitude 
and  scope  of  whose  work  is  sufficient  to  warrant  it,  has 
been  maintaining  a  standardizing  laboratory  during  a 
period  considerably  in  advance  of  the  application  of 
modern  statutes  or  regulations,  and  in  many  instances 
is  more  exacting  in  its  requirements  than  the  most 
critical  commission. 

The  following  figures  are  taken  from  the  N.  E.  L.  A. 

*  Delivered  before  the  Philadelphia  Section  of  the  American 
Institute  of  Electrical  Engineers  at  the  Engineers'  Ouh,  Novem- 
ber 12.  1917. 


Report  of  1911,  showing  the  result  of  improvement  in 
equipment,  and  the  evident  intent  of  operating  com- 
panies to  render  accurate,  dependable  service. 

A  certain  representative  company  improved  its 
facilities  during  a  period  of  eight  years  to  the  extent 


THE  PHILADELPHIA  ELECTRIC  CO.  LABORATORY 
ROTATING  STANDARDS  TEST  BENCH 

that  made  possible  the  checking  of  50  per  cent,  more  of 
its  meters  in  service,  with  a  consequent  improvement  in 
accuracy  of  registration  of  approximately  10  per  cent. 
Another  company  presents  the  following  record  i 

1910 —  7.4  per  cent,  of  meters  tested  were  more  than  4 
per  cent.  fast. 
17.4  per  cent,  of  meters  tested  were  more  than  4 

per  cent.  slow. 
75    per  cent,  between  4  per  cent,  fast  and  4  per 
cent.  slow. 

1914 —  2.9  per  cent,  of  meters  tested  were  more  than  4 
per  cent.  fast. 
8.2  per  cent,  of  meters  tested  were  more  than  4 
per  cent.  slow. 
88.9  per  cent,  between  4  per  cent,  fast  and  4  per 
cent.  slow. 

During  recent  years,  the  facilities  for  testing  in 
every  utility  have  been  increased,  and  the  types  of 
meters  improved,  so  that  it  is  not  unreasonable  to  say 
that  the  average  accuracy  of  the  meters  of  any  modern 
utility  is  within  2  per  cent,  of  being  O.  K. 

There  are  at  the  present  time,  31  states  which  have 
Public  Service  Commissions. 

The  requirements  of  the  Commissions  in  the  different 
states  vary  to  some  extent,  but  they  all  serve  the  use- 
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ful  purpose  of  standardizing  methods,  and  by  defining 
legal  standards  for  service,  facilitate  the  work  of  the 
dependable  utility  which  has  always  maintained  the 
highest  possible  standards. 

The  Philadelphia  Electric  C  ompany  has  maintained 
a  Standardizing  Laboratory  during  more  than  IS  years, 
and  since  1902.  when  the  equipment  included  a  Morris 
E.  Leeds  dial  type  Potentiometer  with  the  accessories, 
including  early  type  of  Weston  Standard  and  Normal 
Cells,  M.  E.  I.ecds  Resistors,  etc.,  the  equipment  has 
been  added  to  from  time  to  time.  This  old  potenti- 
ometer, while  still  in  operative  condition,  is  used  tor 
exhibition  pur|Mjses  only  and  serves  as  an  interesting 
example  of  one  step  in  the  development  of  precision 
apparatus. 

The  standardizing  equipment  at  present  include!  the 
following : 

6- Weston  Standard  Cells. 

13-Standard  Registers  (0.0001  ohm  to  1000  ohms). 
Precision  Potentiometer  and  Volt  Hox. 
Precision  Kelvin  Double  Bridge. 
Precision  Wheatstone  Bridge. 

Oscillograph,  standard  condensers,  galvanometers, 
resistance  boxes,  precision  current  and  potential  trans- 
formers, etc.  Secondary  standards,  such  as  indicating 
voltmeters,  ammeters  and  wattmeters,  are  used  for 
directly  checking  the  portable  working  standards. 

The  primary  and  secondary  standards  arc  the  best 
obtainable,  being  of  the  most  recent  design,  the  same 
as  those  in  use  in  the  U.  S.  Bureau  of  Standards  and 
other  recognized  testing  laboratories. 


PHILADELPHIA  BLBCTRIC  CO.  LABORATORY 
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The  standards  are  divided  into  two  groups,  one 
of  which  is  used  solely  for  reference  in  checking  the 
other.  The  six  Weston  Standard  Cells  are  intercom- 
pared  every  two  weeks,  two  of  them  being  reserved 
for  use  as  primary  standards,  and  these  two  cells  are 


checked  every  six  months  at  either  Washington  or 
New  York.  All  secondary  standard  resisters,  bridges, 
volt  boxes,  and  transformers  are  checked  in  our  labora- 
tory against  the  primary  standards  every  six  months, 
and  at  one  of  the  outside  laboratories  at  least  once 
every  two  years . 

The  acceptance  test  of  every  new  piece  of  standard 
apparatus  includes  a  check  by  either  the  Bureau  of 
Standards  or  the  Electrical  Testing  Laboratories,  and 
all  primary  standards  are  checked  regularly  by  one  of 
these  two  laboratories,  the  policy  of  the  company  being 
to  alternate  between  the  two. 

This  policy  of  having  a  check  made  by  a  respon- 
sible, disinterested  party  precludes  the  possibility  of 
fundamental  errors  being  made,  and  also  adds  an  ele- 
ment of  --lability  and  security  to  a  system  which  em- 
braces those  features  which  are  necessary  in  the  con- 
duct of  a  modern  utility. 

The  secondary  standards  are  checked  against  the 
primary  standards  twice  every  month.  During  a  period 
of  15  months,  since  the  check  of  the  Public  Service 
Commission,  these  secondary  standards  have  not  varied 
to  an  extent  which  would  show  need  of  adjustment. 

These  instruments  are  kept  in  a  fixed  position  and 
used  only  by  a  limited  number  of  testers,  and  while 
there  is  no  reason  for  expecting  an  appreciable  error, 
the  periodic  check  is  made  to  include  at  least  two  read- 
ings on  every  range  of  shunt  or  multiplier. 

PORTABLE  INSTRUMENTS 

All  portable  instruments  available  for  use  thruout 
the  company  are  called  in  for  check  every  two  weeks 
and  adjustments  are  made  to  bring  their  accuracy 
within  0.3  per  cent.,  at  the  points  used.  In  some  few 
cases  it  is  necessary  to  issue  error  cards,  owing  to  scale 
errors,  or  when  a  particular  instrument  is  to  be  used  in 
work  of  an  unusually  precise  nature. 

All  meters  and  instruments  used  in  any  part  of 
meter  testing  and  all  primary  and  secondary  laboratory 
standards  have  been  checked  and  approved  by  the  Pub- 
lic Service  Commission  of  Pennsylvania. 

D.  C.  METERS 

Except  in  the  case  of  station  types,  all  D.  C.  meters 
for  use  on  circuits  of  more  than  300  amperes  are 
equipped  with  externa]  shunts  and  in  some  cases  shunts 
for  200  amperes  are  used. 

The  Precision  Type  of  Thomson  Double  Bridge  is 
particularly  useful  in  the  accurate  determination  of  the 
resistance  of  meters,  shunts  or  samples  submitted  for 
conductivity  tests. 

The  meter  is  connected  by  means  of  low-resistance 
leads  to  the  shunt  and  is  constructed  as  a  rule  for  a 
maximum  current  of  ten  amperes.  It  is  the  policy  of 
manufacturers  to  standardize  their  products  and  in  the 
case  of  meter  shunts  the  nominal  drop  across  them  is 
80  millivolts,  regardless  of  their  capacity. 

The  modem  utility  cannot  afford  to  accept  nominal 
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values  for  any  part  of  its  system,  and  so  the  meter  and 
shunts  with  leads  must  he  accurately  measured  before 
the  meter  is  tested  and  installed.  Take  for  instance  a 
shunt  whose  rating  is  given  as  80  millivolts  at  1000 
amperes;  this  would  mean  an  ohmic  resistance  of 
0.00008  <  eight  hundred-thousandths )  of  an  ohm,  1  per 
cent,  of  which  would  he  but  0.0000008  (eight  ten-mil- 
lionths)  of  an  ohm.  which  woidd  not  be  an  unreasonable 
error  in  the  process  of  manufacture  of  shunts  for  commer- 
cial work  generally.  However,  if  this  1  per  cent,  error 
were  allowed  to  exist  in  the  fundamental  stages  of  meter 
tests,  it  would  at  least  tend  to  restrict  the  limits  of 
error  as  defined  and  maintained  by  the  company 
officials,  and  would  encourage  a  disregard  for  the  re- 
fmejnents  that  are  expected  of  testers  in  every  depart- 
ment of  the  company.  Therefore,  the  modern  utility 
cannot  accept  nominal  values  for  anything  appertain- 
ing to  its  equipment. 

It  is  seldom  that  the  tests  of  a  new  shunt  show  an 
error  of  more  than  1  or  2  per  cent.,  but  it  is  the  duty  of 
the  standardizing  division  to  determine  exact  values  in 
so  far  as  is  possible,  and  with  the  modern  equipment  of 
precision  bridges,  re-isters,  etc.,  it  is  not  unreasonable 
to  expect  an  accuracy  of  the  order  of  0.05  per  cent,  in 
fundamental  determination  generally.  livery  shunt 
type  meter  with  its  leads  and  shunts  is  accurately 
measured  by  means  of  the  Thomson  Double  Bridge 
before  being  tested.  The  meter  with  its  leads  attached 
is  set  up  and  the  normal  current  (usually  10  amperes) 
is  passed  thru  the  leads  and  meter  coils,  and  the  actual 
ohmic  resistances  of  the  system  and  of  the  meter  coils 
separately  are  determined  by  reference  to  a  Standard 
resister  of  the  same  order.  The  shunt  or  shunts  are 
then  measured  while  carrying  their  rated  current,  and 
the  percentage  accuracy  of  the  system  (meter  coil  and 
leads  to  shunt)  is  determined.  If  this  is  not  more  than 
3  [wr  cent,  in  error,  the  meter  is  so  adjusted  as  to  com- 
pensate for  this  difference,  otherwise  new  leads  are 
provided.  The  meter  is  then  checked  in  the  laboratory, 
and  adjusted  to  the  greatest  accuracy  attainable  in  a 
system  involving  precise  wattmeters,  accurate  stop 
watches  and  expert  testers.  (This  accuracy  is  within 
0.2  per  cent.) 

The  meters  are  then  installed  on  the  consumers' 
premises  and  rechecked  against  portable  standards. 

Periodic  checks  of  these  meters  are  jnade  and  the 
shunts  are  rechecked  according  to  schedule,  as  well  as 
when  at  any  time  there  is  a  suggestion  of  mechanical 
damage. 

A.  C.  METERS 

Meters  for  use  on  alternating-current  circuits  are 
checked  and  adjusted  in  the  laboratory  prior  to  instal- 
lation and  are  rechecked  in  place  on  consumers'  premises. 

A  regular  schedule  for  periodic  checking  of  all  meters 
is  maintained,  the  frequency  of  such  checks  being  de- 
pendent upon  the  size  of  the  meter,  the  nature  of  the  load, 
and  Operating  conditions  generally. 

Every  potential  transformer  to  be  used  with  a  meter 
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is  tested  for  ratio,  and  every  current  transformers  for  ratio 
and  phase  angle  before  installation. 

The  meter  is  adjusted  to  register  100  per  cent,  by 
com[>ensating  for  the  errors  in  transformation. 

ROTATING  STANDARDS 

For  tests  on  consumers'  premises,  the  Philadelphia 
Klectric  Company  method  is  employed.  This  method  is 
what  is  known  as  a  one-man  method,  since  it  requires  but 
one  tester  with  a  rotating  standard  equipped  with  a  head 
phone  attachment.    This  attachment  causes  a  click  in  the 
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head  phone  at  every  revolution  of  the  standard  and  the 
tester  determines  the  speed  of  rotation  of  the  meter  under 
test,  makes  note  of  the  accuracy  as  found,  and  if  this  is 
in  error  more  than  0.6  per  cent,  the  meter  is  adjusted. 

In  accordance  with  the  policy  of  the  Philadelphia 
Electric  (  OUipany  during  more  than  five  years  prior  to 
the  establishment  of  the  Public  Service  C  ommission  in 
this  state,  and  in  accord  with  the  continuance  of  this 
policy  which  conforms  to  the  requirements  of  the  Com- 
mission's rulings,  rotating  standards  are  checked  at  least 
once  every  two  weeks  when  in  service.  These  standards 
are  called  in  for  check,  examined,  cleaned,  tested  and 
adjusted  by  men  whose  time  is  devoted  to  this  work 
entirely.  W  attmeters  reserved  for  this  testing  are  checked 
every  week  against  the  Laboratory  Secondary  Standards. 
A  complete  "  as  found  "  and  "  as  left  "  record  of  every 
test  is  kept  and  these  records  remain  on  file  for  a  period 
of  at  least  four  or  five  years. 

To  the  modern  utility,  dependability  (the  policy  of 
rendering  service,  of  satisfying,  and  of  being  satisfied) 
does  not  end  with  the  acceptance  and  adoption  of  appara- 
tus and  methods  already  countenanced  or  approved  by  the 
engineering  profession,  but  includes  the  maintenance  of 
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facilities  for  the  development  of  additional  methods,  the 
improvement  of  existing  processes. 

Such  developments  as  the  Philadelphia  Electric 
Company  method  of  meter  testing,  by  means  of  which 
one  man  can  test  accurately  a  meter  on  the  consumers' 
premises — the  Boston  Edison  Company  method  of 
checking  rotating  standards — by  which  the  test  is  con- 
ducted with  a  minimum  amount  of  manual  effort,  the 
New  York  Edisoij  Company  method  of  testing  large 


capacity  I).  C.  meters  with  the  aid  of  Edison  Portable 
Storage  Battery — the  maintenance  by  Electric  Utilities 
generally  of  laboratory  equipment,  by  means  of  which 
precise  fundamental  values  can  be  transferred  to  prac- 
tical working  standards,  are  but  an  earnest  of  the  intent 
on  the  part  of  the  modern  utility  to  discharge  its  obliga- 
tions to  the  profession  and  to  the  public  by  the  accep- 
tance of  those  principles  which  make  for  efficiency, 
service,  and  satisfaction. 
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INDUSTRIAL  HOUSING* 

BY  H.  W.  FORSTER 


PRESENT  SHORTAGE  IN  HOUSING 

T1ERE  exists  a  nation-wide  shortage  of  housing  in 
our  industrial  centers.  The  situation  is  critical. 
Many  of  our  communities  are  already  suffering 
seriously  from  lack  of  adequate  housing  for  their  work- 
men. The  situation  ie  growing  worse;  houses  cannot  be 
conjured  out  of  the  earth,  but  require  considerable  time  to 
build  in  large  numbers.  Vigorous  attack  upon  this  prob- 
lem has  been  made  in  many  cities  and  must  be  made 
generally  thruout  the  country. 

The  reasons  for  the  present  shortage  are  primarily : 
(a)  Under  ordinary  business  conditions  there  is  no 
appreciable  excess  of  adequate  housing  in  our  large  cities. 

(6)  Normal  building  activities,  during  the  past  two 
years  in  particular,  have  been  materially  retarded  because 
of  the  high  cost  of  material  and  labor. 

(i  )  The  great  rush  of  workmen  to  our  industrial 
centers  has  seriously  accentuated  what  would  under  or- 
dinary conditions  already  be  an  acute  situation. 

Employers,  individually  or  collectively,  are  behind  a 
considerable  number  of  housing  projects  now  under  way, 
and  the  investigation  of  the  United  States  Government  into 
the  situation,  with  particular  regard  to  the  prompt  delivery 
of  large  munition  orders,  has  indicated  the  necessity  of 
remedying  the  conditions  in  a  number  of  districts  if  pro- 
duction under  government  contracts  is  not  seriously  to 
suffer. 

It  is  interesting  to  note  that  the  concentration  of  Great 
Britain  upon  war  operations  has  caused  so  serious  a  short- 
age in  industrial  housing  that  it  has  been  recommended 
that  $5,000,000,000  be  appropriated  by  the  Government 
for  the  purpose  of  building  one  million  homes  afler  the 
close  of  the  war,  partly  to  make  up  this  housing  shortage 
and  partly  to  furnish  employment  for  a  considerable  pro- 
portion of  the  soldiers  who  will  return  from  the  front. 

WHY  ADEQUATE  HOUSING  IS  ESSENTIAL 

Gradually  it  has  been  borne  in  upon  us  that,  as  it  is 
impossible  to  get  pure  water  from  an  impure  source  or 
good  fruit  from  poor  seeds,  so  it  is  impossible  to  get 
stable,  efficient  and  satisfied  labor  from  congested  and 
unsanitary  homes. 

Most  progressive  employers  have  realized  this  for  a 
considerable  length  of  time,  but  it  has  never  been  brought 
home  so  forcibly  as  under  present  conditions,  when  they 
are  trying  to  bring  to  their  plants  the  best  types  of  men. 
Bad  news  spreads  rapidly,  and  American  labor,  including 

•  Address  delivered  before  the  Philadelphia  Safety  Council 
at  the  F.nirineers'  Club.  November  30,  1917. 
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our  foreigners,  is  well  advised  as  to  general  housing  in- 
adequacy of  our  industrial  centers.  Many  good  men  refuse 
to  go  to  such  points  to  apply  for  work,  and  those  that 
come  arc  very  likely  to  find  conditions  unsatisfactory,  to 
stay  but  a  short  time,  and  to  move  on. 

The  most  obv  ious  objection  to  crowded  housing  is  the 
undermining  effect  upon  health.  The  records  are  clear 
upon  this  point.  The  greater  the  crowding  the  greater 
the  tuberculosis  percentage. 

Good  morals  among  the  people  are  a  national,  city, 
and  an  industrial  asset.  Morals  arc  seriously  affected  bv 
crowding  of  individual  families,  more  seriously  by  crowd- 
ing together  of  several  families,  and  most  seriously  by  the 
addition  of  boarders  under  congested  conditions. 

The  general  experience  has  been  that  unhealthy  living 
and  a  lower  standard  of  morals,  coupled  with  uncom- 
fortable, inconvenient,  and  unaesthctic  living  conditions, 
have  a  very  decided  effect  upon  the  efficiency  of  the 
worker. 

In  order  to  get  efficiency  out  of  the  workmen  that  we 
now  have,  and  to  take  care  of  additional  ones,  we  must 
have  adequate  industrial  housing. 

TYPE  OF  HOUSING  THAT  IS  NEEDED 

In  practically  every  community  we  are  confronted  by 
the  need  of  housing,  both  for  American  and  for  foreign 
workmen.  It  is  difficult  to  ascertain  the  total  housing  need 
for  a  community,  and  even  more  difficult  to  determine 
what  proportion  of  the  total  need  is  for  Americans  and 
for  foreigners.  Generally  speaking,  most  recent  industrial 
housing  developments  have  been  designed  primarily  to 
take  care  of  Americans  of  the  higher  type,  probably  on  the 
assumption  that,  as  these  families  vacated  houses  they  now 
occupied,  the  less  desirable  quarters  wotdd  automatically 
become  available  to  those  farther  down  in  the  social  or 
financial  scale. 

It  is,  however,  believed  very  desirable  to  provide  new 
houses  of  adequate  types  for  foreign  workmen  in  those 
communities  where  many  are  found,  and  that  means  prac- 
tically every  community  from  the  central  portions  of  the 
country  to  the  Atlantic  seaboard. 

It  is  obvious  that  it  is  necessary  to  provide  housing  to 
take  care  of  the  following  situation  : 

(a)  1'amilies  living  by  themselves. 

(M  Families  who  take  boarders. 

(c)  Boarding-houses. 

She  of  Houses: 

A  recent  compilation  of  data  covering  some  200  in- 
dustrial housing  projects,  made  by  the  United  State  Gov- 
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eminent.  devclo|>cd  the  following  information  on  the  size 
of  houses : 

(  a)  Data  secured  on  17,o43  houses. 
(  /'  )  One-third  of  these  were  four-room  size. 
ic)  One-sixth  of  these  were  live-room  size. 
yd)  One-sixth  of  these  were  six-room  size. 

The  average  family  generally  consists  of  father, 
mother,  and  three  children,  and  properly  to  house  such  a 
family  there  should  he  available  the  following  rooms: 

(a)  Three  bedrooms-  one  for  the  parents,  one  for 
the  male  children,  and  one  for  the  female  children. 

(6)  A  combined  kitchen,  dining-room,  and  living- 
room,  or  two  rooms — one  for  kitchen  and  dining-room 
purposes  and  the  other  for  living  purposes. 

In  other  words,  four-  and  five-room  houses  are  theo- 
retically correct,  especially  for  foreign  families,  and  ex- 
perience will  bear  out  that  these  are  the  most  popular  sizes. 

For  larger  families,  and  particularly  for  those  who 
desire  to  keep  a  few  Ixjarders,  the  six-room  houses  have 
proved  popular  among  foreigners. 

The  average  American  family  unquestionably  prefers 
about  a  six-room  house  if  it  can  afford  it. 
Design: 

The  United  States  (iovemment  re|>ort,  referred  to 
above,  and  which  was  presented  by  Mr.  Magnussen  at 
the  Xational  Housing  Association  C  onference  in  Chicago, 
October,  1917,  stated  that  the  information  regarding 
53,176  houses  indicated  the  following  arrangement: 

(a)  48  per  cent,  single  houses. 

(  b)  35  per  cent,  double  houses. 

<<-)  11  per  cent,  row  houses. 

<  </  >  6  per  cent,  no  information. 
There  is  little  doubt  that  the  single  house  is  the  ideal 
house,  and  that  this  is  the  best  house  to  build  where  it  is 
expected  to  sell. 

It  is  not  difficult  to  sell  half  houses  where  they  are 
built  in  pairs,  but  it  is  difficult,  except  in  one  or  two  of 
our  American  cities,  to  sell  row  houses  individually. 

Fxpcricncc  seems  to  indicate  that  row  houses  should 
be  intended  for  renting  purposes,  as  they  do  not  readily 
sell,  and  they  lower  building  costs,  and  less  real  estate 
occupied  makes  lower  rents  possible. 

It  is  necessary  to  call  attention  to  the  fact  that  the 
smaller  the  house  the  better  should  be  the  design.  Where 
one  general  room  is  used  for  several  purposes  and  bed- 
rooms are  small,  the  importance  of  anticipating  the  actual 
need  of  the  occupants  is  particularly  great.  It  is  pleasing 
to  note  that  a  number  of  architects  have  realized  this,  and 
have  developed  very  excellent  plans  for  relatively  small 
low-cost  houses. 

Equipment : 

Company  after  company  that  has  put  up  housing  for 
its  employes  has  been  pained  to  discover  that  the  cost  of 
this  housing  was  running  far  higher  than  anticipated,  and 
because  of  this  fact  it  would  not  he  possible  to  earn  a 
satisfactory  return  upon  the  money  if  rents  were  to  be 
on  a  scale  which  their  workmen  could  afford. 

Analyzing  each  situation  has  generally  developed  the 


fact  that  the  employer  has  tried  to  give  too  much  to  his 
people.  The  engineer  who  built  an  industrial  plant  50 
per  cent,  larger  than  necessary  and  who  added  a  consid- 
erable number  of  frills  which  were  not  essential  would 
be  no  mure  at  fault  than  the  man  who  built  unnecessarily 
large  and  elaborately  appointed  houses  for  working  people. 
To  be  successful,  industrial  housing  must  l>c  upon  the 
same  economic  basis  as  any  other  form  of  industrial 
operation. 

Looking  after  this  ((uesiiun  a  little  more  closely,  we 
find,  for  example,  such  instances  as  the  following: 

.la)  Building  generally  six-room  houses  where  four- 
and  five- room  houses  would  answer  very  well. 

(b)  Putting  a  large  amount  of  money  into  excellent 
roads  and  cement  sidewalks,  when  it  would  be  entirely- 
feasible  to  keep  such  improvements  for  some  time  in  the 
future.  A  very  large  percentage  of  our  Americans  of  the 
better  class  are  to-day  living  on  unpaved  streets,  and  are 
making  use  of  cinder  or  plank  walks. 

( c )  Furnace  or  other  central  heat  is  particularly  ex- 
pensive under  present  conditions,  and  in  many  houses 
superfluous.  Most  families  who  come  from  less  preten- 
tious homes  own  a  supply  of  stoves,  are  used  to  using 
them,  and.  in  fact,  most  of  the  smaller  homes  rely  upon 
the  kitchen  stove  to  heat  the  combined  kitchen,  dining, 
and  living  room,  and  to  provide  a  little  heal  for  the  balance 
of  the  house. 

id)  Running  water  is  absolutely  essential,  because  of 
its  great  convenience  and  because  of  the  menace  which 
always  exists  with  wells.  A  sewer  system,  on  the  other 
hand,  is  not  nearly  so  important,  and  the  cost  of  many 
industrial  housing  projects  has  run  up  materially  by  the 
necessity  of  installing  a  very  elaborate  sewer  system  in 
order  to  provide  for  the  most  modem  plumbing. 

Where  developments  arc  in  outlying  sections,  it  is  en- 
tirely feasible  to  delay  the  installation  of  sewers  for  some 
future  time.  With  running  water,  a  privy  does  not  con- 
stitute as  much  of  a  menace  as  where  wells  are  used. 
More  pretentious  houses  or  groups  of  houses  can  be 
provided  with  cesspools. 

(e)  It  is  a  hopeful  sign  that  certain  types  of  for- 
eigners demand  a  bathroom  in  any  house  which  they  pur- 
chase or  rent,  but  a  great  number  of  foreigners  do  not 
object  if  bathroom  equipment  is  not  provided.  In  work- 
men's houses  bathrooms  are  occasionally  afterward  added 
and  are  placed  in  basements  where  there  is  sufficient  room, 
and  it  is,  of  course,  feasible  to  design  a  house  in  which  it 
will  later  on  be  possible  to  place  a  bathtub  without  material 
change  or  expense. 

if)  Fleet ric  light  in  most  communities  is  considered 
almost  a  necessity,  and  forms  a  convenient,  low-priced, 
and  relatively  safe  form  of  lighting.  The  need  of  ex- 
tending gas  to  houses  for  workmen,  the  women  in  which 
generally  are  used  to  cooking  on  a  coal  stove,  is  not 
nearly  so  important  as  a  rule. 

Materials  of  Construction: 

Industrial  housing  is  now  being  put  up  of  all  types  of 
construction,  including  frame,  stucco  on  wood,  brick 
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veneer,  brick,  tile,  ami  reinforced  concrete.  The  best 
material  to  select  will,  of  course,  vary  with  locality  and 
will  depend  primarily  upon  cost,  quick  availability,  speed 
of  construction,  and,  what  is  very  important  and  fre- 
quently overlooked,  the  effect  upon  depreciation  and  up- 
keep on  a  concrete  house  which  is  rented  will  probably  be 
in  the  vicinity  of  2V..  per  cent,  per  year,  and  it  may  be 
double  this  in  a  frame  house. 

COST  OP  INDUSTRIAL  HOUSING 

Rent  That  the  Workmen  Can  Pay: 

The  fundamental  question,  if  industrial  housing  is  to 
be  upon  a  sane,  businesslike  basis,  is  how  much  rent  work- 
men can  afford  to  pay  for  their  homes. 

There  has  been  a  tendency  to  make  use  of  the  general 
rule  that  20  |K-r  cent,  of  wages  could  be  paid  for  rent,  and 
25  per  cent,  where  payments  were  on  the  home-buying 
basis. 

While  the  20  per  cent,  figure  works  out  quite  closely  in 
many  average  cases,  the  problem  is  how  much  the  man 
has  left  for  his  rent  ami  other  expenses  after  he  has  paid 
for  the  necessary  food.  Food  comes  first  in  the  scale  of 
essential  human  needs.  Unfortunately,  the  man  with 
many  mouths  to  feed  and  the  heavy  food  bills  has  more 
need  of  a  larger  ami  more  costlv  house  ami  less  money  to 
spare  for  the  purpose. 

Ueceut  careful  investigations  and  calculations  of  the 
minimum  cost  of  food  necessary  properly  to  feed  an 
average  family  is  as  follows : 

(a)  Father — 150-pound  laborer   ,1000  calories 

(b'\  Mother — 150-pound  woman,  working 

hard    3000  calories 

ic)  12-  to  15-ycar-old-boy   4500 calories 

<</')  Child  of  about  3   1300  calories 

( <•)  Child  of  about  6  to  8    2500  calories 

Total   14.300  calories 

These  figures  are  generous  for  growing  children,  but 
only  moderately  so  for  the  parents. 

Assuming  intelligent  purchasing  of  food  necessary  to 
have  the  above  total  number  of  calorics  projKrrly  propor- 
tioned to  take  care  of  the  needs  of  the  body,  the  minimum 
cost  of  1000  calories  to  day  will  be  about  11  cents,  or 
about  $1.57  per  day,  or  something  like  $47  per  month. 

It  is  true  that  many  families  arc  undernourished  by 
virtue  of  their  buying  insufficient  food,  but  it  is  also  true 
that  the  average  housewife  does  not  buy  with  scientific 
intelligence,  and  consequently  what  is  saved  by  under- 
nourishment probably  is  spent  thru  unwise  purchasing. 

The  problem,  then,  is  to  subtract  from  the  man's  in- 
come the  necessary  food  expenditures,  and  then  take  a 
percentage  of  the  balance  as  being  available  for  rent.  This 
percentage  has  been  placed  at  a  maximum  of  40.  especially 
with  low-wage  workers.  The  man  earning  $90  per  month, 
spending  $47  for  food,  has  $43  left  for  all  other  expenses. 
If  he  pays  40  per  cent,  of  this  for  rent,  he  has  approx- 
imately S17  as  a  maximum  rent  item.  Many  workmen, 
particularly  skilled  Americans,  can  and  do  pay  considcr- 


ably  higher  rents,  but  there  are  very  large  numbers  whose 
rent-paying  capacity  ranges  from  $10  to  $15  per  month. 

Referring  again  to  Mr.  Magnussen's  figures,  we  find 
that  out  of  17,643  houses,  69  per  cent,  of  the  four-,  five-, 
and  six-room  size  rented  for  not  over  §8  per  month.  Such 
a  rental  is  not  economically  possible  in  our  cities,  where 
land  and  houses  now  cost  so  much,  nor  is  it  necessary  with 
the  relatively  high  wages  which  are  now  paid.  It  must 
not  be  forgotten  that  these  figures  apply  to  a  large  extent 
to  cotton  mills  and  mining  towns,  where  houses  often  are 
small,  poorly  built,  poorly  maintained,  and  where  low 
house  rent,  unfortunately,  is  a  factor  in  establishing  wage- 
scales. 

It  is  interesting  to  observe  from  Mr.  Magnussen's 
address  that  57  companies,  having  invested  about  $15.- 
000,000  in  houses,  earned  a  gross  of  8.3  per  cent,  average 
over  a  five-year  period,  that  eight  coal  companies  with 
$2,800,000  invested  earned  11  per  cent,  average  over  a 
five-year  period,  and  that  one  company's  annual  return 
was  as  high  as  20  per  cent,  of  its  investment. 

Il'lui!  Housing  To-day  May  Cost: 

If  houses  are  to  be  rented  upon  a  10  per  cent.  gros> 
return  basis,  which  is  an  average  figure,  the  total  cost  of 
the  house  to  the  man  who  can  pay  $17  per  month  rent 
should  not  exceed  $2000,  and  to  the  man  whose  rent  is  to 
be  $10  per  month  not  more  than  $1200. 

Where  houses  are  built  of  reinforced  concrete,  it  prob- 
ably is  good  business  to  rent  them  for  9  per  cent.,  or  even 
8  per  cent,  of  their  value,  because  of  relatively  low  de- 
preciation and  upkeep.  With  frame  houses,  10  per  cent, 
is  the  absolute  minimum  that  is  advisable,  made  up  as 
follows : 

(a)  Return  on  investment — 5  per  cent. 

(b)  Taxes  -1  per  cent. 

(ft  Depreciation  (sinking  fund  I— 2  per  cent. 
id  )  Upkeep — 2  per  cent. 

These  figures  for  depreciation  ami  upkeep  are  prob- 
ably liberal,  but  form  a  margin  of  safety,  partly  to  take 
care  of  vacancies. 

What  Houses  Actually  Cost  To-day: 

The  range  in  house-building  costs  is  exceedingly  great. 
In  the  South,  where  frame  construction  is  common  and 
no  elaborate  heating  system  is  necessary,  attractive  cot- 
tages arc  being  built  for  figures  as  low  as  $700  to  $800. 

Four-room,  well-appointed  houses  for  rental  purposes 
can  be  built  in  the  residence  section  of  most  cities  for 
figures  not  to  exceed  $2000. 

Splendidly  designed  six-room  houses  of  attractive  ap- 
pearance, with  all  modem  improvements,  in  large  develop- 
ments have  been  put  up  at  costs  of  from  $3000  to  $4000. 

Charity  to  be  Avoided: 

The  consensus  of  opinion  of  those  who  have  studied 
the  industrial  housing  problem  is  very  decidedly  against 
anything  savoring  of  charity  or  paternalism.  The  essen- 
tial arguments  are: 

la)  Workmen  resent  anything  of  this  type,  being  pos- 
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sessed  of  quite  as  much  self-respect  as  the  average  citizen 
of  somewhat  higher  social  standing.  Workmen  feel  that 
they  should  pay  their  way  and  that  they  should  receive 
adequate  wages  to  enable' them  to  do  this. 

yb)  Any  business  activity  which  is  not  a  money- 
making  one  is  bound  to  prove  unpopular  in  the  long 
run,  and  industrial  housing  that  is  netting  2  per  cent, 
or  sonic  such  figure  is  bound  not  to  be  kept  up  in  a  manner 
which  experience  has  shown  to  be  absolutely  essential  to 
get  the  best  results. 

yc i  If  an  employer  has  not  sufficient  houses  to  take 
care  of  all  of  his  people,  there  is  bound  to  be  discrimination. 

yd)  The  building  in  a  large  community  of  some 
houses  which  are  not  rented  on  a  businesslike  business  is 
bound  to  upset  real  estate  values  generally. 

Housing  projects  where  houses  are  rented  or  sold 
should  be  upon  a  basis  to  return  at  least  5  per  cent,  and 
preferably  6  per  cent.  The  advantages  of  belter  labor 
conditions  will  generally  make  the  housing  investment  an 
attractive  one. 

SELLING  AND  RENT 

It  is  generally  believed  that  housrs  should  be  sold  in 
so  far  as  it  is  practical  to  do  so.  A  man  who  buys  a  house 
is  a  better  citizen,  is  less  likely  to  take  part  in  labor  dis- 
turbances, and  is  almost  bound  nut  to  leave  the  community. 

The  monthly-payment  method  of  selling  houses  to 
both  American  and  foreign  workmen  is  practically  stand- 
ard. Initial  payment,  preferably  10  per  cent.,  closes  the 
deal,  and  monthly  |>ayn)ents  upon  a  slightly  higher  basis 
than  the  rent  take  care  of  the  principal  and  interest  in  a 
period  of  ten  to  twelve  years. 

It  is  necessary,  however,  in  every  industrial  community 
to  have  a  considerable  percentage  of  houses  for  rent  pur- 
poses, as  many  employes  cannot  and  will  not  buy.  and 
these  must  be  taken  care  of.  On  the  other  hand,  if  a  large 
proportion  of  new  housing  is  sold,  those  who  purchase 
homes  will  leave  other  quarters  to  those  who  want  to  rent. 

It  is  particularly  important  to  note  that  foreigners,  on 
the  whole,  have  stronger  home-buying  desires  than  Amer- 
icans, and  that  those  people  who  deal  with  them  find  them 
prompt  in  meeting  their  obligations  and  appreciative  of 
business  contracts. 

AGENCIES  FOR  SECURING  ADDITIONAL  HOUSING 

(Experience  during  the  last  two  years  has  made  clear 
the  fact  that  employers  cannot  look  to  individuals  or  real 
estate  operators  to  provide  the  necessary  housing  fur  their 
employes.  The  ordinary  workman  generally  does  not 
build  his  own  house.  He  is  more  interested  in  buying  than 
ill  building.  He  is  not  certain  of  the  permanence  of  his 
job  and  of  his  desire  to  settle  in  the  place  where  he  is  now 
working. 

The  real  estate  operators  are  uncertain  as  to  bow  long 
rush  business  will  continue,  have  no  enthusiasm  for  put- 
ting their  money  into  industrial  housing,  nor  the  necessary 
funds  to  handle  big  projects.  This,  then,  has  made  it 
necessary  for  employers,  either  individually  or  collectively, 
to  provide  at  least  a  portion  of  the  housing  of  which  their 
communities  are  in  need.   A  considerable  number  of  such 

ENGINEERS'  CLUB 


projects  are  now  actively  under  way  and.  on  the  whole, 
have  been  inaugurated  along  well-conceived  lines. 

The  L'nited  States  Government  is  considering  putting 
a  very  considerable  sum  of  money,  $100,000,000  having 
been  mentioned,  into  industrial  housing,  either  by  provid- 
ing housing  directly  or  by  loaning  money  at  low  rates  of 
interest  to  employers  who  will  build  the  houses. 

HOW  EMPLOYERS  HANDLE  HOUSING 

A  well-established  scheme  of  procedure  for  action  by- 
individual  employers  or  by  groups  of  employers  has  now 
been  established  along  the  following  lines: 

{  q  )  A  separate  company  formed  and  a  competent 
management  put  in  charge  of  its  operation.  This  tends 
to  separate,  in  the  minds  of  employes  at  least,  the  em- 
ployer from  the  housing  operation,  and  it  relieves  the 
manufacturing  men  from  the  responsibility  of  handling 
housing  as  a  side  line. 

I  /;  j  Careful  analysis  of  conditions  is  made  anil  the 
probable  needs  of  the  community  for  a  period  of  years 
ascertained. 

ic)  A  careful  plan  is  develop!  with  an  estimate  of 
the  amount  of  money  needed  for  the  initial  development. 

(d)  Financing  by  banks  for  first  mortgage  on  real 
estate  and  houses  is,  of  course,  easy  to  secure.  At  least 
50  per  cent,  can  lie  carried  in  this  way. 

if)  The  housing  company  has  to  provide  the  addi- 
tional capital,  and,  w  here  property  is  sold,  carry  the  second 
mortgage. 

(/)  Construction  is  put  thru  in  a  systematic,  well- 
thought-out  manner,  and  on  a  large  enough  scale  to  take 
advantage  of  wholesale  operation  methods,  and  particu- 
larly on  a  long-time  basis,  so  that  work  forces  become 
highly  efficient. 

CONCLUSION 

The  essential  facts  regarding  the  industrial  housing 
situation  in  this  country  may  he  stated  as  follows: 

ia)  There  is  unquestioned  need  of  additional  housing 
in  practically  all  our  industrial  centers. 

<  b)  Relief  can  be  looked  tor  only  from  the  employers 
and,  in  some  cases,  in  part,  from  the  Go\ eminent. 

ic)  There  is  no  fundamental  reason  why  an  employer 
should  hesitate  to  build  houses  for  his  workmen  any 
more  than  to  provide  buildings  for  his  machinery  and 
goods. 

id)  Good  houses  will  rent  and  sell  even  in  times  of 
business  depression,  because  they  will  be  superior  to  the 
average  house  in  the  community. 

(rj  The  money  return  on  such  an  investment  can  be 
equal  to  that  secured  from  the  first  mortgage  bond  of  a 
subsidiary. 

if)  Money  can  gradually  be  withdrawn  from  the 
project. 

( g)  Adequate  housing  will  have  a  definite  effect  U|>on 
securing  labor,  reducing  labor  turnover,  bringing  up  the 
efficiency  of  labor,  and  putting  forward  the  good  of  the 
community  as  a  whole. 
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AN  OPTIMISTIC  VIEW  OF  THE  FUTURE  SUPPLY  OF  OIL' 

BY  I.  N.  KNAPP,  M  E. 


INTRODUCTORY 

PETROLEUM,  commonly  called  oil,  is  a  mixture 
of  hydrocarbons  found  in  Nature  in  liquid  form, 
and  cannot  well  be  discussed  without  incidental 
reference  to  allied  bitumens  such  as  asphahum,  maltha, 
natural  gas.  and  the  like.  Shale  oil  is  a  mixture  of 
hydrocarbons  produced  by  the  dry  distillation  of  shale 
containing  kerogen  or  hydrocarbons  in  solid  form.  Tar 
is  the  general  name  of  a  mixture  of  liquid  hydrocarbons 
produced  by  the  dry  distillation  of  coal,  lignite,  and 
peat  from  which,  by  refining,  products  can  be 
obtained  which  in  many  cases  can  be  substituted  for 
those  from  petroleum  and  shale  oil. 

HISTORICAL 

History  fails  to  record  when  the  first  discoveries 
of  petroleum  were  made  by  the  human  race,  but  refer- 
ence is  made  to  it  and  allied  substances  in  literature  of 
great  antiquity.  In  the  ancient  cities  of  Nineveh  and 
Babylon  bitumen  was  used  to  cement  brick,  slabs  of 
alabaster,  and  mosaic  (wvcnicnt,  in  the  construction  of 
temples  and  palaces.  The  Egyptians  used  asphalt  for 
embalming  the  dead. 

Once  oil  and  gas  were  considered  as  among  the 
most  wonderful  things  in  the  world  and  regarded  as 
manifestations  of  Deity  itself,  and  so  worthy  of  religious 
worship.  We  have  accounts  of  some  of  the  Indian 
tribes  in  our  own  country  performing  religious  cere- 
monies accompanied  by  the  burning  of  oil  and  gas. 
The  medicinal  properties  of  petroleum  had  been  recog- 
nized by  them  before  white  men  set  foot  in  America. 

About  ten  miles  northeast  of  Baku,  Russia,  there 
is  a  fire-worshipers'  temple  on  a  site  visited  by  the 
Parsees  for  no  less  than  2500  years.  Formerly  pil- 
grims flocked  there  yearly  in  great  numbers  from  all 
parts  of  India  to  worship,  according  to  their  belief, 
the  holy  eternal  fires,  made  by  igniting  the  natural 
gas  escapements  found  here.  About  1880  the  Russian 
Government  forbade  this. 

Now,  every  five  years,  a  company  of  fire-worship- 
ing priests  from  India  are  allowed  to  hold  a  meeting 
in  one  of  the  larger  rooms.  Their  costumes,  vessels, 
etc.,  are  walled  up  between  two  of  the  rooms  after  each 
meeting  to  preserve  them  for  future  use. 

Pliny,  the  Roman  historian,  recorded  that  Sicilian 
oil  "  was  burned  in  the  lamps  of  the  Temple  of  Jupiter. 
This  was  during  the  first  century  of  the  Christian  era. 
and  is  the  earliest  mention  of  petroleum  being  used  for 
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illuminating  purposes.  In  the  state  of  civilization  then 
existing  there  was  but  little  call  for  illumination  other 
than  that  obtained  from  what  we  now  call  fires,  and 
still  less  in  the  dark  ages  that  followed. 

After  a  lapse  of  many  centuries,  learning  and  civil- 
ization gradually  liegan  to  assert  themselves,  and  this 
in  turn  made  a  growing  demand  for  artificial  lighting 
that  was  supplied  by  lamps  which  burned  whale  oil  or 
candles,  and  tapers  which  burned  solid  animal  fats  or 
the  wax  of  insects  and  vegetation. 

In  the  early  part  of  the  last  century  chemical  re- 
search established  the  fact  that  burning  fluids  could 
be  extracted  from  the  resin  of  wood,  from  coal,  from 
shale,  and  from  lignite  and  peat. 

About  1815  the  first  coal-gas  works  was  estab- 
lished to  manufacture  and  distribute  gas  from  central 
stations  for  city  lighting.  In  this  way,  accidentally, 
but  unavoidably,  quantities  of  coal-tar  were  produced. 
For  many  years  this  tar  was  regarded  as  a  refuse  prod- 
uct without  value  and  caused  considerable  expense  to 
get  rid  of.  Later  chemical  research  disclosed  its  com- 
mercial properties,  and  it  is  now  the  source  of  many 
valuable  hydrocarbon  products. 

The  ever-increasing  demand  lor  more  and  more 
artificial  lighting  made  the  old  sources  of  supply  for 
lamp  oil  and  candles  inadequate  entirely  to  meet  the 
many  demands  for  isolated  lighting,  and  this  was  an 
important  factor  in  starting  the  coal  and  shale  oil  in- 
dustry in  Scotland  about  1850  and  its  following  develop- 
ment on  a  commercial  scale. 

Shortly  after  the  success  of  the  Scotch  process  for 
distilling  oil  and  paraffin  from  shale  for  lamps  and 
candles,  a  number  of  "  coal  oil  "  refineries  were  erected 
in  the  United  States. 

By  1860  there  were  53  coal  oil  companies  in  this 
country  and  six  refinery  plants  in  the  vicinity  of 
Pittsburgh.  The  plants  on  the  Atlantic  seaboard  im- 
ported "  boghead  "  coal  from  Scotland  and  "  Alber- 
titc"  from  New  Brunswick,  and  those  around  Pittsburgh 
used  canncl  coal  and  shale. 

The  experience  gained  in  producing  and  refining 
oil  from  these  sources  paved  the  way  for  the  advent 
of  petroleum. 

The  first  serious  public  attention  was  directed  to 
petroleum  as  a  remunerative  enterprise  when  Colonel 
Drake  drilled  the  first  well  especially  for  petroleum  in 
1859,  which  led  to  the  development  of  the  great  Appa- 
lachian oil  fields  which  have  since  yielded  such  an 
immense  volume  of  the  finest  crude  oil  in  the  world. 
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This  great  source  of  cheap  oil  enabled  America 
quickly  and  fully  to  meet  the  demand  for  lamp  oil,  and 
with  further  development  to  supply  the  people  in  re- 
mote comers  of  the  world  with  oil  for  their  lamps  to 
mitigate  the  darkness  of  night. 

Many  other  uses  for  the  products  of  the  crude 
hydrocarbon  oils  besides  that  of  lighting  have  arisen. 
One  of  vast  importance  to  the  people  of  the  earth  is  its 
use  in  the  internal-combustion  engine,  a  use  developed 
by  leaps  and  bounds  in  the  past  ten  years  and  which 
bids  fair  to  outstrip  all  other  uses.  Every  demand  for 
more  oil  may  be  met  by  properly  utilizing  all  the  sources 
of  hydrocarbons  now  existing  in  the  crust  of  the  earth. 

ORIGIN  OF  HYDROCARBONS 

Many  theories  have  been  put  forward  to  account 
for  the  origin  of  petroleum  and  allied  substances. 
There  are  two  main  groups  of  these  hypotheses,  one 
ascribing  an  inorganic  and  the  other  an  organic  origin. 

The  celebrated  chemists,  Bertholet  and  Mcndctjiff, 
pointed  out  (in  1869  and  1877)  possible  chemical  reac- 
tions by  which  hydrocarbon  compounds  could  be  gener- 
ated in  the  earth's  interior.  Some  advocate  a  volcanic 
origin  of  petroleum,  and  give  examples  of  hydrocar- 
bons in  ancient  plutonic  rocks  as  well  as  in  present 
volcanoes.  The  organic  hypotheses  can  be  backed  by 
more  familiar  facts  than  those  just  outilned. 

Coal,  petroleum,  kerogen  of  the  oil  shales,  and  other 
hydrocarbons  arc  combustible  substances,  and  every 
other  combustible  that  we  know  of  in  Nature  is  organic 
in  origin.  These  may  be  regarded  as  residues  left  by 
the  disintegration  of  living  organic  substances,  which 
have  not  met  with  the  quantity  of  oxygen  required  for 
their  complete  decomposition  by  decay. 

Chemists  have  produced  unmistakable  members  of 
the  petroleum  series,  including  illuminating  oil,  lubri- 
cating oil,  benzine,  and  paraffin,  from  the  distillation 
of  fish  oil. 

By  observation  we  know  that  marsh  gas,  the  chief 
constituent  of  natural  gas,  is  a  product  of  slow  primary 
decomposition  at  low  temperature  of  organic  matter 
contained  in  sediments,  and  therefore  it  is  from  an 
organic  source.  These  decompositions  are  extremely 
slow.  The  present  pools  of  oil  and  gas  with  the  de- 
posits of  oil-bearing  shale  and  of  coal  arc  the  accumu- 
lations of  enormously  long  periods  of  time.  It  is  safe 
to  say,  from  our  present  knowledge,  that  some  hydro- 
carbons may  have  come  from  an  organic  source,  but 
by  far  the  greater  amount  come  from  terrestrial  and 
marine  vegetation  and  organisms. 

We  might  well  adopt  for  our  conclusions  the  trans- 
lation of  an  inscription  placed  over  a  meteorite  that 
fell  centuries  ago  in  Europe :  "  Many  men  say  many 
things;  every  one  says  something;  nobody  gives  a 
satisfactory  account." 

GEOLOGY  OF  PETROLEUM 

The  geologists  tell  us  that  petroleum,  with  its  allied 
forms,  is  among  the  most  widely  distributed  of  sub- 
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stances.  Its  geological  limits  of  profitable  production 
include  the  whole  range  of  unaltered  strata,  from  the 
Cambrian  rocks  to  the  most  recent  series  of  the  Quarter- 
nary  system. 

Geology  is  admittedly  more  of  a  historic  than  exact 
science,  with  but  few  demonstrations  of  the  sort  that 
carry  mathematical  certainty.  The  principles  of 
geology  are  not  visionary;  they  are  supported  by  a 
great  multitude  of  harmonized  facts.  But  the  geologist 
does  not  know  whether  a  petroleum-bearing  "  sand  " 
exists  at  a  given  spot  beneath  the  surface,  nor  whether, 
if  there  be  a  sand,  it  holds  oil  or  not,  nor  whether,  if 
the  oil  be  there,  it  will  flow  toward  a  drill  hole.  But 
this  ignorance  of  facts,  all  of  them  out  of  sight  and  out 
of  reach  before  experiment,  he  shares  with  everybody 
else.  Xo  one,  absolutely  no  one,  can  know  such  facts 
before  a  well  is  bored. 

Petroleum  is  produced  from  sedimentary  rocks  only. 
Shale  and  coal  are  also  associated  with  the  same  class 
of  rocks.  Such  rocks  are  composed  of  the  detritus  of 
older  rocks  and  carried  by  water,  air,  and  ice  in  motion 
into  lakes  and  seas,  forming  gravels,  sands,  and  clays 
which  may  be  later  consolidated  into  conglomerates, 
sandstones,  and  shales. 

In  smaller  portion  the  materials  are  also  carried  in 
solution,  and  the  deposits  are  then  called  organic,  if 
formed  with  the  aid  of  life,  and  chemical  without  the 
aid  of  life.  Organic  and  chemical  rocks  arc  limestones, 
cherts,  gypsums,  peat,  lignite,  and  coal. 

Sedimentary  rocks  are  mostly  deposited  in  layers  or 
beds  originally  in  a  horizontal  position,  or  nearly  so. 

Most  of  such  rocks  grew  up  in  the  sea,  some  cover 
thousands  of  square  miles,  and  for  the  accumulation 
and  growth  of  these  enormous  deposits  vast  periods  of 
time  were  required. 

Much  terrestrial  and  marine  vegetation  with  marine, 
brackish,  or  fresh-water  organisms  is  thrown  down  with 
such  deposits,  forming  in  the  aggregate  a  vast  amount 
of  carbonaceous  and  bituminous  material  sufficient  to 
account  for  all  the  hydrocarbons,  petroleums,  and  allied 
substances  found  in  Nature. 

By  organic  movements  the  stratified  rocks  have 
been  arched  up,  thrown  into  waves,  and  crumpled. 

The  fundamental  geologic  conditions  necessary  for 
a  profitable  accumulation  of  oil  or  gas  must  be : 

First. — A  source  of  supply,  probably  from  carbo- 
naceous material  enclosed  in  sedimentary  strata. 

Second. — A  reservoir  rock  such  as  may  be  found  in 
any  porous  rock  that  will  allow  the  passage  of  fluids 
between  its  particles. 

Third. — A  cover  of  impervious  moisture-holding 
rocks  to  seal  and  hold  the  oil  and  gas  from  loss  by 
dissipation. 

In  addition  to  the  three  fundamental  conditions 
just  stated,  we  should  have  for  the  proper  theoretical 
anticlinal  conditions: 

Fourth — Water  in  the  porous  stratum  with  the  oil 
and  gas. 
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Fifth.— (Jeologic  structure,  or  a  decided  slope  of  the 
porous  stratum  forming  anticlines  and  synclines. 

It  cannot  be  doubted  that  the  fifth  condition  men- 
tioned— geologic  structure — does  play  an  important 
part  in  the  accumulation  of  oil.  and  particularly  of  gas. 

To  such  fields  as  the  anticlinal  theory  applies  it  is 
of  economic  importance,  and  the  geologist  should  be  con- 
sulted to  locate  favorable  points  for  the  accumulations 
in  advance  of  any  drilling.  In  making  such  location, 
the  geologist  depends  on  precedent  and  known  facts. 

After  a  productive  oil,  coal,  or  shale  horizon  is 
once  found,  geology  is  of  great  value  in  locating  other 
similar  areas  and  is  an  aid  for  their  proper  development. 

RESERVOIR  ROCKS 

All  rocks  are  porous  in  some  degree.  Even  slate 
of  the  closest  grain  will  hold  some  liquid  in  its  micro- 
scopic cavities.  Those  rocks  that  are  so  open-grained 
or  porous  that,  if  a  hole  be  drilled  into  them,  they  can 
be  drained  of  their  liquid  or  gaseous  contents  are  called 
reservoir  rocks. 

The  fractional  part  of  a  rock  in  which  there  are 
open  spaces  or  voids  determines  its  porosity.  That 
is,  if  a  cubic  foot  of  rock  will  hold,  when  saturated,  one- 
tenth  of  a  cubic  foot  of  oil  or  water,  such  rock  is  said 
to  have  a  porosity  of  ten  per  cent.,  for  one-tenth  of 
its  volume  is  pore  space.  If  such  pore  space  was  filled 
with  gas  at  30  atmospheres,  then  each  cubic  foot  of 
rock  would  hold  three  cubic  feet  of  gas  at  atmospheric 
pressure. 

During  the  early  years  of  petroleum  development 
the  theory  of  oil  rock  crevices  obtained  great  currency, 
not  only  among  well  drillers  and  well  owners,  but  also 
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among  geologist*,  who  examined  and  reported  upon 
the  underground  structure  of  the  oil  country. 

There  were  others  who  imagined  that  the  oil  lies 
in  a  series  of  lakes  or  caverns  connected  by  under- 
ground streams. 

Tig.  1  is  from  Henry's  "  Early  and  Kate  History 
of  Petroleum."  published  about  1873  and  at  that  time 
considered  an  authority.  It  has  been  demonstrated 
that  such  cavities  do  not  exist. 

OIL  SANDS 

Any  porous  or  reservoir  rock  in  a  horizon  where 
paying  pools  of  oil  or  gas  occur  is  called  by  the  driller 
a  "  sand,"  whether  it  be  a  sand  or  a  limestone  rock. 
When  this  "  sand  "  is  drilled  into  and  oil  or  gas,  or 
both,  are  found  so  that  they  will  flow  to  the  well  in 
paying  quantity,  it  is  called  a  "  pay  sand,"  and  it  not 
found  in  paying  quantity,  the  well  is  said  to  be  a  "  dry 
hole  "  or  a  "  duster,"  and  the  sand  is  said  to  be  "  dry," 
altho  it  may  be  heavily  charged  with  salt  water. 

The  drillers'  oil  and  gas  sands  are  rocks  that  are 
pierced  with  millions  upon  millions  of  minute  con- 
nected pores  which,  when  saturated  with  oil  or  gas 
under  pressure,  form  the  paying  pools  of  oil  and  gas. 

Poke  Space,  //v  £pm£K/cal  Sand  gpa/ms- 


Minimum  fore *Spocm  ZJ  <*s  Per  cent 


PIG.  2 

The  pore  space  contained  in  earth,  sand,  and  rocks 
has  been  elaborately  investigated,  If  a  theoretical  sand 
is  formed  of  perfect  spheres  of  equal  diameter  placed  a 
minimum  distance  apart,  the  pore  space  is  25.95  per  cent., 
and  at  a  maximum  distance  apart,  of  47.64  per  cent.. 
and  this  porosity  is  constant,  irrespective  of  the  size 
of  the  grain. 

Fig.  2  shows  this  spherical  relation. 
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Fig.      shows  a  tabic  of  the  constant  relation  of 

porosity,  irrespective  of  size. 


Fig.  3. 
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By  experiment  it  has  heen  found  that  the  porosity 
of  sands  occurring  in  Nature  is  well  within  the  limits 
just  given. 

The  porosity  of  oil  and  gas  sands  may  he  illus- 
trated by  a  series  of  microphotographs.  all  of  the  same 
degree  of  enlargement. 

The  first  (Fig.  4)  is  that  of  common  sand  that  will 
pass  a  50-mesh  and  hold  on  a  100-mcsh  screen,  in  com- 
parison with  a  Brown  &  Sharpe  scale,  having  divisions 
of  one  one-hundredth  of  an  inch. 

Fig.  5  is  from  a  specimen  of  the  Colinga,  Calif.,  oil 
sand.    It  is  very  coarse  and  is  hut  slightly  cemented. 

Fig.  6  is  from  a  specimen  of  Wyoming  oil  sand. 

Fig.  7  is  from  a  specimen  of  the  Caddo,  La.,  oil  sand, 
This  looks  like  a  gray  shale  to  the  unaided  eye,  hut 
it  is  a  very  fine-grained  quartz  sand,  with  little  ecmcnt- 


PIG.  4 


ing  material  and  very  friable.  Some  10,000-harrel  wells 
were  found  in  the  same  horizon  and  close  by  the  well 
this  sand  came  from. 

Fig.  8  is  from  a  specimen  of  Kansas  gas  sand  from 
the  B.  Johnson  farm  south  of  Independence.  It  came 
from  a  well  giving  an  initial  open-flow  capacity  of 
34,000,000  cubic  feet  per  24  hours.  It  is  coarse  grained, 
with  but  little  cementing  material. 
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Fig.  'J  is  from  a  specimen  of  salt  from  Belle  Isle, 
I. a.  When  such  salt  is  drilled  into  the  cuttings,  when 
bailed  from  the  well,  if  held  on  a  shovel  in  fresh  water, 
w  ill  pop  and  snap  like  pop-corn,  the  reason  being  that 
the  oil  and  gas  in  the  bubbles  are  under  high  tension 
and,  as  the  enclosing  walls  of  salt  dissolve  and  so 
weaken,  the  bubbles  burst.    The  salt  is  not,  therefore. 
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properly  a  "sand  "  or  a  reservoir  rock,  altho  contain 
ing  both  oil  and  gas. 

Vast  quantities  of  oil  and  gas  and  other  bituminous 
material  are  imprisoned  in  various  ways  in  the  crust 
of  the  earth,  but  it  is  only  when  fortuitous  circum- 
stances have  formed  reservoir  rocks  that  paying  petro- 
leum deposits  occur.  Oil  and  (jas  sands  occasionally 
appear  at  the  surface. 

Fig,  10 — view  near  Rogers  Mount.  Wyo.  Over  the 
man  shown  is  an  oil  sand  cropping  which  indicates 
approximately  the  pitch  of  the  sand  at  that  point.  At 
his  feet  is  an  oil  seepage  hardened  by  long  exposure  to 
be  almost  like  oven  coke.  By  following  the  seepage 
to  the  foot  of  the  hill  as  much  as  20  acres  of  maltha 
occurs.  There  was  also  some  gas  escaping  w  ith  salt 
and  sulphur  water. 

Fig.  11— cropping  of  asphalt  near  Whittier.  Calif. 
This  asphalt  was  dug  for  fuel  and  stored  to  make 
smudge  fires  with  when  nearby  orange  orchards  were 
threatened  with  frost.  Also  a  slight  seepage  of  oil  may 
be  observed  running  down  the  face  of  the  a  -phal  t  near 
the  center  of  the  figure. 

Fig.  12 — cropping  Colinga,  Calif.,  oil  sand.  Of  course 
the  gas  that  was  in  these  ex|>o<ed  rocks  ha*  long  since 
escaped. 

Croppings  and  surface  showings  of  sands  are  indi- 
cations that  oil  or  gas  may  be  found  in  paying  quantity 
whenever  that  particular  horizon  has  a  sufficient  im- 
pervious covering  to  seal  them  in  and  preserve  them. 

Note. — A  short  digression  from  the  main  subject  is  here 
made  to  say  something  on  the  mobility  of  oil  and  gas  in  the 
earth  as  affecting  its  ownership.  * 
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Classification. 

Oil  and  gas  are  classified  as  minerals  and  are  judicially 
treated  an  such.  (See  the  law  relating  to  oil  and  gas  hy  Thorn- 
ton and  others.) 

Otiitfrshifi. 

The  owner  of  the  surface  is  the  owner  of  the  gas  and  oil 
beneath  it.  They  are  the  subject  of  grant  or  conveyance,  as 
much  so  as  the  grant  or  conveyance  of  any  other  interest  in  the 
same  real  estate.  A  reservation  of  "  all  mines,  minerals,  and 
metals  in  and  under  "  a  tract  of  land  is  a  reservation  of  the 
oil  and  gas. 

Com  fared  uith  Wild  Animals. 

In  seeking  for  analogous  conditions  in  the  law,  courts  have 
compared  natural  gas  and  nil  to  that  of  wild  animals  (fera 
Mfwnr),  "Water  and  oil,"  said  the  Supreme  Court  of  Penn- 
sylvania, "and.  still  more  strongly,  gas,  may  be  classified  by 
themselves,  if  the  analogy  be  not  too  fanciful,  as  minerals  ferer 
nature."  In  common  with  animals,  and  unlike  other  minerals, 
they  have  the  power  and  tendency  to  escape  without  the  volition 
of  the  owner.  Their  fugitive  and  wandering  existence  within 
the  limits  of  a  particular  tract  is  uncertain.  They  belong  to  the 
owner  of  the  land  and  are  part  of  it,  and  are  subject  to  his 
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control ;  but  when  they  escape  and  go  into  other  land,  or  come 
under  another's  control,  the  title  of  the  former  owner  is  gone. 
Possession  of  the  land,  therefore,  is  not  necessarily  possession  of 
the  gas  or  of  the  oil. 

When  Title  I'ests  in  Ou-ner. 

It  has  been  decided  repeatedly  by  the  courts  that  the  owner 
of  the  soil  owns  the  oil  and  gas  beneath  its  surface.  This  is  an 
acknowledgment  of  the  absolute  ownership  of  the  oil  and  gas 
beneath  the  surface  by  the  owner  of  the  land.  Rut  under  the 
Indiana  decisions,  which  have  met  with  the  approval  of  (he 
Supreme  Court  of  the  United  States,  the  owner  of  the  land  has 
only  a  qualified  right  to  the  oil  and  gas  beneath  the  surface. 
The  right  to  reduce  it  to  possession  and  to  exclude  all  others 
from  exercising  the  right  does  not  hold  until  he  has  reduced  it 
to  actual  possession,  either  by  bringing  it  into  a  well,  into  a  pipe 
line,  or  into  a  tank  in  case  of  oil.  Until  that  has  happened,  the 
gas  or  oil  by  natural  forces  may  escape  from  his  land,  be  reduced 
to  possession  of  another,  and  become  his  property. 

Oil  and  Gas  Leases. 

Oil  and  gas  leases  are  a  part  by  themselves,  altho  there  is 
some  resemblance  in  them  to  coal  or  solid  mineral  leases.  The 
rights  of  the  parties  to  a  lease  must  be  determined  by  the  law  of 
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the  state  where  the  leased  premises  lie.  altho  it  may  he  executed 
in  anuthcr  state. 

An  nil  and  «as  tease  is  a  contract  fur  a  consideration  estab- 
lishing a  vested  right  to  enter  upon  a  definitely  described  parcel 
of  land,  for  a  determined  period,  to  prospect  for.  reduce  to  pos- 
MMion,  remove,  and  market  oil  or  natural  gas.  The  vested  right 
is  the  crux  of  the  whole  matter,  and  it  is  immaterial  whether  the 
instrument  creating  it  is  called  a  "lease,"  "contract,"  "grant,"  or 
"deed  of  conveyance." 

I  >i  finite  royalties  are  stated  for  oil  wells  and  either  rentals 
or  royalties  for  gas  wells.  If  oil  or  gas  is  developed,  then  the 
lease  continues  as  long  as  either  may  be  produced  in  paying 
quantity.  There  are  many  requirements  necessary'  to  be  stated 
in  a  lease  t<>  fully  protect  the  interests  of  both  parlies  under 
varung  conditions  and  to  meet  various  court  decisions. 

A  mere  lessee — one  who  has  no  interest  in  the  land  itself,  as 
a  grantee  beneath  the  surface — does  not  acquire  title  to  the  oil  or 
gas  in  the  leased  premises  until  it  has  been  taken  from  the 
ground. 

It  was  held  at  a  very  early  period  in  the  history  of  the  pro- 
duction of  oil,  and  still  is  held,  that  a  man  cannot  be  restrained 
by  his  abutting  neighbor  from  drilling  upon  his  own  premises, 
altho  he  located  his  well  within  a  few  feet  of  the  line  and  will 
necessarily  drain  the  oil  or  gas  from  his  neighbor's  land,  if  any 
exists  there. 
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Oil  and  Gas  an  Artirft  of  Commerce. 

Both  oil  and  gas  arc  articles  of  commerce  when  severed  from 
the  soil,  not,  however,  while  remaining  in  it.  When  gas  is 
carried  from  state  to  state,  it  is  an  article  of  interstate  com- 
merce, tho  carried  in  pipe  lines,  as  much  so  as  coal,  iron  ore,  or  any 
other  mineral  carried  by  wagon  or  railroad ;  and  no  greater 
restrictions  can  be  laid  upon  it  when  carried  in  pipe  lines  than 
can  be  laid  upon  solid  minerals  severed  from  the  soil,  or  any  other 
article  of  commerce.  The  carriage  of  oil  and  gas  beyond  the 
boundaries  of  a  state  cannot  be  prohibited. 
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Mobility  of  Oil  and  Gas  a  Hazard. 

On  account  of  the  mobility  of  oil  and  gas  in  the  ground  the 
hazard  in  the  business  of  producing  them  is  much  greater  than 
that  of  producing  solid  minerals  that  are  of  themselves  im- 
movable. Coal  or  oil  shale,  for  instance,  can  be  estimated  quite 
accurately  as  to  the  yield  per  acre  in  tons;  also  as  to  the  cost  of 
producing  and  marketing  the  products. 

There  is  no  feasible  way  of  estimating  in  advance  the  quan- 
tity of  oil  in  barrels  per  acre  that  may  be  recovered  from  any 
particular  tract  in  any  given  field  or  pool  prior  to  drilling  and 
development. 

RATE  OF  DEPRECIATION  OF  OIL  WELLS 

Wells  in  the  Pennsylvania  scries  of  rocks  arc  usually 
long  lived,  altho  of  small  capacity.  The-  rate  of  de- 
preciation in  yield  of  oil  is  variable.  In  one  case,  from 
reliable  data  extending  over  a  period  of  three  years, 
the  rate  of  depreciation  was  found  to  be  about  3  per 
cent,  per  month.  This  is  approximately  30  per  cent, 
per  year. 

Oil  wells  in  unconsolidated  materials  are  very  er- 
ratic in  their  yields.  They  may  gush  500  to  1000  barrels 
per  hour  for  a  few  days  and  then  go  to  salt  water  and 
be  a  total  loss. 

Mining  oil  is  a  very  wasteful  process,  and  it  is 
doubtful  if  as  much  as  70  per  cent,  of  the  total  is  re- 
covered under  the  very  best  circumstances.  Always 
an  unknowable  part  is  left  as  residual  in  the  ground. 
It  is  imprisoned  in  the  minute  pores  of  the  rock,  and 
the  oil  as  a  liquid  adheres  to  the  surface  of  the  minute 
passages  in  the  oil  sands.  To  make  an  exact  compu- 
tation of  the  available  supply  of  petroleum  in  any  field 
is,  of  course,  impossible. 

ESTIMATING  ON  YIELD  OF  NATURAL  GAS 

Quite  the  opposite  is  true  of  gas,  on  account  of 
its  gaseous  condition  and  ease  of  self-escape.  Any 
residual  gas  left  may  be  reduced  to  below  atmospheric 
pressure  by  vacuum  pumps.  That  is,  gas  having  an 
original  rock  pressure  of  600  pounds,  or  40  atmospheres, 
may  be  produced  so  as  to  leave  less  than  3  per  cent, 
in  the  ground. 
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To  gas  may  be  applied  measurements  and  calcu- 
lations not  possible  with  any  other  mineral.  If,  for 
instance,  in  any  given  pool  the  original  rock  pressure 
was  known  to  be  600  pounds  (40  atmospheres)  per 
square  inch,  and  after  a  given  period  it  was  reduced  by 
use  to  an  average  of  150  pounds  (30  atmospheres),  ire 
are  reasonably  certain,  by  the  laws  of  physics,  that  25 
per  cent,  of  the  gas  has  been  taken  out.  If  we  have 
an  approximate  measure  on  the  gas  used,  we  can  calcu- 
late at  once  the  probable  volume  still  available. 

WASTE  OF  NATURAL  GAS 

Natural  gas,  because  of  its  being  invisible  and  prac- 
tically inodorous,  and  also  because  of  its  property  of 
sclf-cscapc,  has  been  subjected  to  the  most  wanton  and 
wilful  waste  of  any  of  our  natural  resources.  The 
total  amount  wasted  may  be  said  to  be  beyond  com- 
putation. It  has  been  too  often  regarded  as  a  by- 
product of  the  oil  fields  of  no  special  value. 

GASOLINE  FROM  NATURAL  GAS 

A  new  interest  has  been  taken  in  the  production 
of  natural  gas  since  much  of  it  has  been  found  to  carry 
gasoline  in  quantity  sufficient  for  profitable  extraction. 
In  1916  it  is  estimated  over  2,003,000  barrels  of  gasoline 
came  from  this  source,  and  it  is  possible  that  if  all  the 
natural  gas  now  being  produced  was  carefully  treated, 
as  much  as  10.000,000  barrels  of  gasoline  would  be 
recovered  in  one  year.  The  amount  of  gasoline  obtain- 
able from  1000  cubic  feet  of  gas  varies  from  a  gallon 
or  less  up  to  eight  gallons.  Most  of  the  large  natural 
gas  companies  now  "  milk  "  tluir  gas  of  the  gasoline 
contents  before  delivering  it  to  the  consumer  for  fuel. 
This  gasoline  is  of  double  importance,  in  that  it  can 
be  blended  with  gasoline  otherwise  unsatisfactory  for 
use  in  the  automobile,  and  thus  made  into  an  acceptable 
motor  spirit. 

STATISTICS  OF  THE  PRODUCTION  OF  PETROLEUM 

The  total  production  of  crude  petroleum  in  the 
United  States  and  of  the  world  from  1857  to  date  is 
practically  four  billion  barrels. 

The  question  of  oil  supply  is  one  of  the  most  im- 
portant raised  by  the  present  world  war.  We  have 
to  date  produced  60  per  cent,  of  the  world's  supply, 
Dividing  our  production  into  periods,  we  have  the 
following  table: 

Petroleum  Produced  in  the  Untied  Stales 


6  year  period,  1859  to  1865 
10  year  period,  1865  to  1875 
10  year  period.  1875  to  1885 
10-ycar  period,  1885  to  1895  . .. . 
10-ycar  period.  1895  to  1905  . . . . 
IO-y«r  period,  1905  to  1915  .... 


13  millions  of  barrels 
61  millions  of  barrels 
212  millions  of  barrels 
420  millions  of  barrels 
808  millions  of  barrels 
2102  millions  of  barrels 


ESTIMATE  ON  FUTURE  PRODUCTION  OF 
PETROLEUM 

Assuming  that  the  production  of  the  United  States 
continues  to  about  double  in  every  ten-year  period, 
as  it  has  in  the  past  50  years,  we  should  produce 
approximately,  in  the  next  three  ten-year  period-,  a* 
follows : 


10-ycar  period,  1915  to  1925 
10-year  period.  1925  to  1935 
10-ycar  period.  1935  to  1945 


4200  millions  of  barrels 
8400  millions  of  barrel-. 
16800  millions  of  barrels 


This  means  that  in  less  than  20  years,  at  the 
assumed  rate,  the  production  of  oil  in  the  United  States 


Total    3616  millions  of  larrcls 
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will  approximate  one  billion  barrels  of  oil  per  year,  or 
as  much  as  the  total  production  in  the  first  45  years 
of  the  industry.  It  seems  to  be  very  doubtful  if  any 
such  vast  quantity  of  petroleum  will  ever  be  produced 
in  any  one  year  within  the  limits  of  the  United  States 
by  present  methods.  It  also  seems  reasonable  to  say 
that  the  maximum  yield  of  crude  petroleum  in  any  one 
year  will  probably  be  reached  inside  of  20  years.  After 
this  maximum  is  reached  we  may  expect  a  gradual 
decline  ot  petroleum  production  from  oil  well-  in  the 
United  States  extending  over  a  long  period  of  years. 
There  are  vast  areas  of  probable  oil  lands  in  other 
countries  that  will,  from  time  to  time,  become  available 
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for  future  exploitation  by  drilling.  It  is  reasonable  to 
expect  that  the  world's  production  and  consumption 
will,  before  many  years,  exceed  one  billion  barrels 
pt  r  year. 

MAXIMUM  PRODUCTION  OF  THE  WORLD'S 
OIL  WELLS 

There  arc  no  data  to  warrant  even  an  approximate 
prediction  as  to  when  the  maximum  world's  production 
of  petroleum  from  oil  wells  is  likely  to  take  place.  It 
certainly  will  not  occur  in  the  near  future. 

OTHER  SOURCES  OF  OIL 

Hydrocarbon  oils  that  may  be  used  in  place  of  the 
[tctrukums  obtained  by  drilling  wells  into,  and  produc- 
ing from,  the  accumulations  that  occur  in  the  reservoir 
rocks  can  be  obtained  from  other  sources  and  in  vast 
quantities.  It  has  long  been  known  that  "oyle.  pitch 
and  tar  "  could  be  distilled  from  coals  and  certain  kinds 
of  stones;  also,  some  gas  and  other  products  are  ob- 
tained in  such  distillations. 

OIL  SHALES 

<  >il  shales  are  sedimentary  rocks  that  are  consoli- 
dated from  very  finely  pulverized  materials,  clay  and 
mud,  and  present  great  varieties  of  texture  and  com- 
position. Some  are  highly  bituminous  and  may  he 
profitably  used  for  the  production  of  a  crude  hydro- 
carbon, oil,  ammonia,  and  gas  by  dry  distillation. 
Occasionally  somv  are  found  so  rich  in  hydrocarbon 
that  pieces  can  be  lighted  with  a  match  and  will  burn 
with  a  bright  flame.  Their  geology  and  occurrence 
art  comparable  with  those  of  coal.  The  solid  bitu- 
minous material  in  oil  shale  is  called  "  kerogen."  I'.y 
destructive  distillation  this  gives  rise  to  crude  shale  oil. 

METHOD  OF  PRODUCING  OIL  FROM  SHALES 

(  >il  shales  have  to  be  mined,  crushed,  and  retorted 
to  get  the  crude  oil  and  other  products.  In  this  process 
some  ammonium  sulphate  is  produced,  forming  a  valu- 
able by-product,  thus  making  available  vast  quantities  of 
shale  that  could  not  otherwise  he  worked  at  a  profit 
lor  their  oil  contents  alone. 

The  treatment  of  crude  shale  oil  is  almost  identical 
with  that  of  crude  petroleum. 

THE  SCOTCH  SHALE  OIL  INDUSTRY 

The  shale  oil  industry  was  introduced  into  Scotland 
in  about  1850  from  France.  It  has  there  grown  steadily 
in  importance  and  output,  as  indicated  by  the  following 
figures : 

!f".5  output    524,000  tons  of  shale 

18X2  output    l.OJO.OtX)  tons  of  shale 

1888  output    2.076,000  f.iis  <.f  »h»le 

1<*)R  output    2,892.000  tons  of  ihatr 

output    3,280.000  tons  of  ihalc 


The  yield  of  crude  oil  from  the  Scotch  shales  in 
1913  was  about  "2.160,000  gallons  (Imperial)  or 
1,718,000  barrels  (American),  or  not  quite  one-half  a 
barrel  per  ton. 

At  the  same  time  the  yield  of  sulphate  of  ammonia 
was  approximately  300,000  tons.  The  mines  and  works 
afford  employment  to  about  10,000  hands,  and  approxi- 
mately $5,000,000  is  paid  in  wages  per  annum.  The 
Scotch  shale  oil  industry  is  to-day  paying  dividends  on 
a  large  investment. 

The  Scotch  shales  are  now  proving  to  be  a  valuable 
source  of  oil  for  the  Rritish  Xavy. 

OIL  SHALE  OF  THE  UNITED  STATES 

Chiefly  because  petroleum  has  been  cheap  and 
abundant,  the  oil  shale  of  the  United  States  has  re- 
ceived very  little  attention.  There  has.  however,  lately 
been  some  investigation  of  this  mineral  resource  by 
the  United  States  (ieological  Survey  and  the  results 
have  been  given  in  its  recent  publications. 

l'.ulletin  o41-L  gives  the  average  thickness  of  the 
New  Albany  black  shale  in  southwestern  Indiana  as 
being  not  far  from  100  feet,  and  says:  "It  is  a  very 
moderate  assumption  to  place  the  average  thickness  of 
the  oil-yielding  rock  at.  say.  30  feet,  of  which  it  might 
be  possible  to  mine  out  one-half,  or  15  feet.  This  shale 
underlies  about  16,<M>)  square  miles.  If  15  cubic  feet 
of  rock  weighs  one  ton  and  yields  10  gallons  of  oil, 
10  gallons  of  oil  should  be  obtainable  for  every  square 
foot  of  this  area  in  southwestern  Indiana.  As  a  square 
mile  contains  roundly  28.000,000  square  feet,  the  yield 
would  be  280.000.000  gallons,  or  nearly  7,000.000  barrels 
to  the  square  mile.  or.  say,  100.. 000.000.000  barrels  for 
the  total  area  underlain  by  this  shale  in  south- 
west Indiana." 

l'.ulletin  641-1*  says:  "  In  Colorado  alone  there  is 
sufficient  shale,  in  beds  that  are  3  feet  or  more  thick 
and  capable  of  yielding  more  oil  than  the  average 
shale  now  mined  in  Scotland,  to  yield  about  20,000,- 
000.000  barrels  of  crude  oil.  from  which  2.000,01X1.000 
barrels  of  gasoline  may  be  extracted  by  ordinary 
methods  of  refining,  and  in  Utah  there  is  probably  an 
equal  amount  of  shale  just  as  rich." 

Bulletin  641-1.  further  says:  "The  black  shales  of 
the  eastern  states  are  mainly  at  one  general  horizon,  in 
the  upper  Devonian,  which  extends  from  New  Vork 
to  Alabama  ami  westward  to  the  Mississippi  Kiver. 
Other  extensive  deposits  of  black  shale  occur  in  the 
same  region  at  one  or  more  horizons  in  the  lower  part 
of  the  Devonian  and  at  one  horizon  in  the  Ordovician. 
In  addition,  black  shales  overlie  some  of  the  coal  beds, 
especially  certain  beds  in  the  eastern  interior  coal  field." 

GENERAL  EXTENT  OF  SHALES  CARRYING  OIL- 
BEARING  SEAMS 

The  quotations  above  given  show  the  vast  area 
covered  by  shale  beds  carrying  workable  seams  of  oil 
shales  and  their  immense  potential  contents  of  oil. 
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When  w  consider  that  shale  is  found  covering  con- 
siderable areas  between  the  Mississippi  and  the  Pacific 
and  in  jnany  other  parts  of  the  world,  it  is  at  once  evi- 
dent that  the  quantity  of  available  oil  stored  as  kerogen 
in  shale  is  many  times  greater  than  that  available  as 
petroleum  in  the  reservoir  rocks  and  sands. 

The  extent  in  area  and  tonnage  and  yield  in  gallons 
per  ton  and  pounds  of  sulphate  of  any  given  shale  can 
be  closely  determined  in  advance,  giving  a  certainty 
and  stability  to  such  enterprises  not  possible  in  a  busi- 
ness dependent  on  the  erratic  yield  of  an  oil  field. 
The  possibility  of  the  kerogen  in  the  shale  changing 
ownership  of  itself  in  the  manner  of  oil  or  gas  would 
be  out  of  the  question.  The  fee  of  the  land  would  be 
the  absolute  ownership  of  the  included  shale  and  its 
possible  oil  contents. 

ESTABLISHMENT  OF  THE  SHALE  OIL  INDUSTRY 
INTO  THE  UNITED  STATES 

As  soon  as  our  petroleum  supply  is  depleted  so  that 
other  sources  of  crude  oil  become  a  commercial  neces- 
sity, the  shale  oil  industry  will  then  undoubtedly  be 
established  in  the  United  States.  Indeed,  it  is  quite 
possible  this  industry  could  now  be  profitably  under- 
taken at  some  strategic  point,  as  lor  instance  where  a 
rich  shale  occurs  and  so  situated  as  to  be  cheaply 
stripped  and  mined  with  a  steam  shovel,  and  with  a 
nearby  market  for  the  products. 

DISTILLATION  OF  COAL  A  GREAT  SOURCE  OF 
HYDROCARBON  OIL 

When  the  distillation  of  coal  for  the  manufacture 
of  illuminating  gas  was  started,  coal-tar  began  to  be 
produced  iti  quantity.  It  was  at  rirst  regarded  as  a 
nuisance  and  allowed  to  run  to  waste.  Afterward  it 
was  burned  under  the  benches  or  the  boilers  at  the 
gas  w  orks. 

Coal-tar  has  since  been  the  source  of  much  chemi- 
cal investigation,  with  the  result  that  now  the  com- 
mercial importance  of  the  "  crude  oils  "  obtained  from 
it  is  almost  beyond  estimate.  Its  products  include 
motor  fuel,  dyes,  medicines,  perfumes,  explosives, 
essential  oils,  saccharine,  etc.,  and  the  entire  list  now 
numbers  many  thousands  of  individual  producls. 

In  1**15  there  were  4.665,000  tons  of  coal  carbonized 
for  the  manufacture  of  coal  gas  in  the  old  style  of  re- 
torts. From  10  to  12  gallons  of  tar  may  be  produced 
by  this  process  per  net  ton  of  coal  carbonized,  and  if 
the  light  oils  are  extracted  from  the  gas,  two  gallons 
of  light  oil  may  also  be  saved.  That  is  approximately 
50.000.000  gallons  of  tar  (1.200.000  barrels),  and 
9.330.000  gallons  (225,000  barrels)  of  light  oil  were 
available  from  that  amount  of  coal. 

Also,  in  1915,  there  were  19.554,000  net  tons  of  coal 
carbonized  in  by-product  ovens.  The  average  yield  per 
ton  was  /.I  gallons  of  tar  (138,733.000  gallons,  or 
3.300.000  barrels)  and  1.54  gallons  of  benzol  (30,000.- 
000  gallons,  or  710.000  barrels).    (From  Mineral  Re- 


sources  of  the  C.  S.I  Better  results  are  now  being 
obtained  on  the  recovery  of  benzol. 

Also,  in  1915,  there  wire  over  40.000.000  tons  of 
coal  coked  in  the  beehive  ovens  from  which  no  by- 
products were  recovered.  This  process  requires  a 
high  grade  of  coal  found  in  comparatively  restricted 
areas  of  the  total  coal-bearing  fields. 

The  development  of  the  by-product  oven  has  demon- 
strated that  a  superior  coke  for  metallurgical  purposes 
can  be  made  by  mixing  coals  of  lower  grade,  thus 
vastly  extending  the  area  from  which  coals  for  coking 
may  be  obtained,  and  so  the  available  future  supply 
of  hydrocarlion  oils  from  Otis  source  is  greatly  increased. 

The  by-product  oven  yield  of  tar  and  benzol  will 
depend  largely  on  the  volatile  matter  contained  in  the 
coal  used.  The  yield  may  vary  from  5  to  8  gallons  of 
tar  and  2  to  3  gallons  of  light  oils  per  net  ton  of 
coal  coked. 

Prior  to  PM5  the  market  for  by-products  was  small 
and  the  price  low,  so  but  few  installations  were 
equipped  to  recover  all  the  light  oils  produced.  In 
1914  the  value  of  the  products  recov  ered  was  less  than 
$1,000,000.    In  1915  the  value  was  about  S8.000.000. 

This  large  increase  in  value  was  in  a  measure  due 
to  ihe  installation  of  elaborate  benzol-recovery  sys- 
tems that  now  save  the  valuable  oils  that  not  very  long 
ago  were  burned  or  wasted,  or,  if  saved,  were  begging 
for  a  market. 

The  present  great  incentive  for  building  by-product 
ovens  and  putting  in  complete  equipment  for  the  full 
recovery  of  all  products  is  in  the  opportunity  to  sell 
the  toluol  and  benzol  thus  obtained  at  war  prices. 

It  has,  however,  been  demonstrated  that  better 
results  can  be  obtained  in  the  blast  furnace  from  by- 
product coke  made  from  medium-priced  mixed  coal 
than  can  be  obtained  from  beehive  coke  made  from 
the  high-priced  coking  coal.  Therefore,  the  future  of 
the  by-product  oven  is  assured  and  the  large  financial 
investments  necessary  for  the  erection  of  by-product 
plants  will  be  justified  when  peace  again  prevails. 

We  will  probably  see  in  the  not  distant  future 
100.000.000  tons  of  coal  coked  yearly  in  the  United 
States  in  by-product  ovens,  from  which  we  may  expect 
a  yield  of  over  700.000,000  gallons  of  tar  <  16.000.000 
barrels)  and  about  250.000.000  gallons  (6.000,000  bar- 
rels I  of  light  oils.  This  will  certainly  be  a  notable  in- 
crement to  our  total  supply  of  hydrocarbon  oils. 

After  the  war  the  industries  of  the  United  States 
will  control,  in  the  coking  of  coal  by  the  by-product 
method,  a  source  of  liquid  hydrocarbons  sufficient  in 
quantity  and  quality  to  compete  for  and  supply  the 
world's  demands  for  medicines,  dyes,  chemicals,  and 
other  coal-tar  products. 

Benzol  has  been  proved  valuable  to  mix  with  gaso- 
line for  use  in  the  automobile,  the  mixture  giving  better 
results  than  the  straight  gasoline. 

Alcohol  is  looked  upon  in  some  quarters  as  the 
ultimate  fuel  for  small  mobile  internal-combustion  en- 


JANUARY.     NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


OPTIMISTIC     VIEW     OF     FUTURE     SUPPLY     OF  OIL 


gincs.  It  is  used  now  with  difficulty  on  account  of  its 
high  hydrogen  content. 

Commercial  alcohol  and  gasoline  are  not  misciblc, 
but  benzol  and  alcohol  are  miscible  and  make  an  effi- 
cient fuel,  and,  further,  after  the  addition  of  benzol  to 
alcohol  the  mixture  will  carry  quite  a  high  proportion 
of  gasoline.  The  future  may  see  benzol  as  the  tie 
between  gasoline  and  alcohol,  permitting  a  piecing  out 
of  the  gasoline  supply  and  an  introduction  of  alcohol  as 
a  commercial  motor  fuel.  The  normal  price  for  benzol 
is  about  20  cents  per  gallon.  The  present  price  is  50 
cents  per  gallon ;  of  toluol,  S2.00  per  gallon. 

INCREASED  CONSUMPTION  OF  GASOLINE 

The  automobile  and  other  internal-combustion  en- 
gines are  primarily  responsible  for  the  increased  con- 
sumption of  gasoline. 

The  following  figures  indicate  this  increase  in  the 
number  of  automobiles  used,  based  on  state  registra- 
tion at  the  first  of  each  year: 

1899  (  Est  )    10.000     1913    1.010.483 

1905    35,000     1914    1. 253.875 

1910      400,000    1915    1,754.570 

1911    600,000    1910    2225,000 

1912    677.000    1917  <  Est  )    3,000.000 

There  are  now  about  4,210,000  motor  vehicles  in 
use  in  this  country,  of  which  approximately  HK).(MX) 
arc  motor  trucks. 

In  addition  to  this,  we  must  take  into  consideration 
the  gasoline  powered  motor  boats,  farm  tractors,  and 
the  almost  innumerable  number  of  small  gasoline 
motors  in  use  for  all  manner  of  power  purposes;  also 
the  gasoline  used  in  the  industries. 

The  cumulative  horsepower  of  all  the  gasoline 
internal-combustion  engines  in  the  United  States  is 
estimated  to  be  more  than  twice  that  of  all  the  steam 
engines. 

It  is  estimated  the  Government  will  require 
1.000,000  gallons  of  gasoline  per  day  for  the  use  of 
the  Army,  Xavy,  and  flying  operations  the  coining 
year;  also,  that  the  total  consumption  will  be  about 
6.750.000  gallons  per  day,  or  55.000.000  barrels  for 
the  year. 

It  will  require  every  effort  of  the  oil  producer  and 
refiner  to  meet  this  vast  demand. 

GENERAL  REVIEW 

The  facts  given  indicate  that  there  were,  during 
past  periods  of  geologic  time,  vast  stores  of  coal,  oil, 
and  kerogen  of  the  shales  deposited  in  the  crust  oi 
the  earth. 

Among  all  the  valuable  gifts  that  Nature  has  be- 
stowed upon  man,  these  deposits,  when  properly  used, 
are  among  the  most  essential  to  his  well-being  and 
progress.  It  is  true  that  he  could  exist  on  earth  under 
the  beneficence  of  the  sun's  warmth  and  the  fuel  from 
the  vegetation  of  the  fields  and  forests,  but  it  is  clearly- 


evident  that  to  attain  the  best  conditions  of  civilization 
and  power  he  must  have  learned  how  to  utilize  these 
deposits  of  carbonaceous  materials  formed  by  the  work 
of  the  sun  during  long  periods  of  time  in  ages  past. 

The  progress  of  civilization  may  well  be  measured 
by  our  ability  to  use  the  contents  of  these  great  store- 
houses of  potential  wealth  for  our  comfort  and 
convenience. 

It  is  one  of  the  most  difficult  facts  of  history  to 
understand  the  extreme  slowness  with  which  the 
human  race  developed  the  industrial  use  of  coal  and 
the  hydrocarbons.  It  is  less  than  200  years  since  coal 
was  first  used  in  an  industrial  way,  about  100  years 
since  the  birth  of  the  coal-gas  industry  giving  us  the 
coal-tars,  and  less  than  70  years  since  shale  oil  was 
first  produced  in  quantity.  It  is  less  than  60  years 
since  the  Drake  well  was  drilled,  and  this  gave  birth 
to  the  petroleum  industry  of  to-day. 

SUMMARY  ON  COAL 

We  have  enough  coal  to  last  for  many  generations 
to  come,  except,  perhaps,  of  anthracite  and  some  special 
grades  of  coking  coal.  This  apparent  shortage  can  be 
overcome  by  using  coke  made  from  lower  grade  coals 
in  the  by-product  ovens.  Of  our  total  coal,  about  one- 
half  of  one  per  cent,  has  been  mined. 

A  larger  ami  larger  supply  of  coal-tar  and  light 
oils  will  be  available  in  the  future  as  the  coking  of 
coal  in  the  by-product  oven  is  increased  to  meet  the 
ever-growing  demand. 

SUMMARY  ON  OIL  SHALE 

The  authority  quoted  on  shale  shows  that  large 
areas  in  the  United  States  contain  deposits  carrying 
workable  seams  of  oil  shales,  and  their  potential  con- 
tents of  available  shale  oil  are  immense  and  many  times 
greater  in  quantity  than  that  of  the  total  available  oil 
in  the  petroleum  deposits. 

We  have  the  example  of  the  established  Scotch 
shale  industry  to  follow,  but  the  best  methods  of 
mining,  crushing,  and  retorting  our  shales  is  yet  to 
be  worked  out.  There  is  no  doubt  but  that  a  shale 
industry  could  be  developed  in  the  United  States  in 
a  short  time  to  supplement  our  supply  of  crude  petro- 
leum when  this  becomes  commercially  expedient,  but 
is  is  hardly  an  emergency  resource  ready  for  imme- 
diate utilization. 

If  from  a  given  seam  of  shale  there  could  be  pro- 
duced per  ton  20  gallons  of  crude  oil,  worth  8','s  cents 
per  gallon,  the  present  price  of  Pennsylvania  crude 
at  the  well,  and  25  pounds  of  sulphate  of  ammonia, 
worth  at  present  prices  7  cents  per  |H.und,  the  total 
product  per  ton  of  shale  would  be  worth  $3.40. 

An  operation  on  a  large  scale  should  mine  and 
retort  the  shale  and  pay  interest  and  depreciation  on 
the  investment  at  a  total  cost  of  less  than  $2  per  ton 
of  shale  treated.  This  would  seem  to  be  a  very  profit- 
able operation  under  the  conditions  assumed. 
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SUMMARY  ON  PETROLEUM 

The  t- ntire  history  of  the  discovery  and  exploitation 
of  petroleum  in  this  country  has  Wen  full  of  surprises 
both  to  the  practical  oil  man  and  to  the  geologist. 

Soon  after  the  discovery  of  petroleum  in  north- 
western Pennsylvania  it  was  established  that  the  great 
reservoir  rocks  of  this  region  were  sandstones  or  con- 
glomerates that  belonged  to  the  Devonian  system. 
The  conclusion  was  then  reached  by  many  that  the 
natural  home  of  petroleum  was  in  the  upper  Devonian 
rocks.  The  overthrow  of  this  premature  generalization 
came  from  northwestern  ( )hio  in  188-1—1885  by  the  dis- 
covery of  gas  and  oil  in  large  amounts  in  the  Trenton 
rock  of  the  Silurian  system,  some  thousands  of  feet 
lower  in  ihe  geological  scale  than  the  upper  Devonian. 
The  inclusion  of  this  lower  horizon  among  the  produc- 
tive oil  rocks  of  the  country  came  as  a  great  sur- 
prise to  both  the  scientific  and  practical  oil  man.  The 
Trenton  rock  has  since  yielded  540,000.000  barrels  of 
crude  oil. 

In  1895  some  petroleum  had  been  produced  at 
Neodesha.  K;ms.,  and  was  held  in  storage.  In  at- 
tempting to  purchase  some  of  it.  the  railroads  would 
not  at  that  time  quote  a  freight  rate  on  oil  to  be  shipped 
in  tank  cars  from  this  point.  Before  a  meeting  of  the 
general  freight  agents  ot  the  railroads  operating  in 
that  region  it  was  stated  that  there  was  practically  m> 
oil  in  Kansas,  and  that  all  there  was  there  could  be 
shipped  in  barrels.  The  railroads  did  not  want  to  haul 
tank  ears,  as  they  always  went  empty  one  way  and 
could  be  used  for  but  one  class  of  freight. 

Mr.  J.  D.  Archibald,  a  president  of  the  Standard 
Oil  Company,  testified  in  court  that  he  once  offered  to 
drink  all  the  oil  got  in  the  mid-continent  field  after 
his  experts  had  first  reported  on  it.  Since  those  days 
this  field  has  yielded  above  liOO.OOO.OOO  barrels  of  oil. 

In  1907  the  (ilenn  pool  in  ( tklahoma  was  found,  and 
it  is  said  to  have  touched  a  production  of  100,000  barrels 
a  day.  This  was  at  the  time  looked  upon  as  the  top- 
notch  of  any  pool  that  would  be  found  in  the  mid- 
continent  field. 

Hut  in  1915  the  dishing  field  was  found  and  the 
production  touched  300,000  barrels  per  day  from  this 
pool.  Million-barrel  lots  of  this  high-grade  oil  were 
sold  for  29  cents  per  barrel  at  the  well. 

In  1901  the  great  Lucas  gusher  at  Spindle  Top. 
Texas,  came  in.  gushing  oil  at  the  rate  of  fully  70,000 
barrels  per  24  hours.  Previous  to  this  discovery  emi- 
nent geologists  had  reported  the  formation  at  Spindle 
Top  was  entirely  too  recent  to  expect  to  find  oil  there: 
that  there  was  no  precedent  for  it.  This  great  discov- 
ery was  a  startling  surprise  to  everybody,  and  it  alone 
has  produced  over  -10,000,000  barrels  of  oil  since. 

Judging  from  the  past,  it  is  reasonable  to  expect 
there  may  be  in  the  future  many  more  surprises  of 
various  kinds  in  the  w  ay  of  oil  discoveries, 


We  are  now  producing  petroleum  at  the  rate  of 
.U2.000.000  barrels  and  using  it  at  the  rate  of  330.000,000 
barrels  per  year.  We  have  160.000,000  barrels  in  stock. 
Hut  for  the  shortage  of  labor  and  casing  this  oil  short- 
age would  be  quickly  overcome,  the  present  prices  for 
crude  Wing  an  inducement  to  drill  and  produce.  We 
have  used  up  4,000.000.000  barrels,  and  it  is  estimated 
8.000.000.000  remains  in  the  ground. 

SUMMARY  ON  GASOLINE 

The  requirements  for  gasoline  are  now  at  the  rate 
of  55.1X10.000  barrels  per  year  (2.310.000.000  gallons). 
It  is  difficult  to  see  where  this  is  all  to  come  from. 
Improvements  in  refining  and  increased  yield  from 
natural  gas  will  help  out.  A  very  large  saving  can 
be  made  by  cutting  out  useless  running  of  automobiles, 
spilling  gasoline,  leakages  and  poor  adjustments  of  the 
carburetors,  etc.  The  increase  as  expected  with  the 
cutting  out  of  avoidable  wastes  will  keep  us  from  a 
gasoline  famine.  As  a  patriotic  duty,  joy-riding  and 
using  10  cents'  worth  of  gasoline  to  deliver  a  nickel's 
worth  of  groceries  must  be  stopped. 

No  commercially  practicable  substitute  for  gasoline 
as  a  motor  fuel  has  yet  been  discovered — benzol  being 
too  high-priced — nor  can  it  be  expected  that  one  will 
be  made  available  in  time  to  assist  the  I'nited  States 
and  its  Allies  in  winning  the  war. 

GENERAL  SUMMARY 

( >ur  country  is  now  overloaded  w  ith  the  direction 
of  a  great  war  for  which  it  was  not  prepared  and  is  not 
trained.  The  oil  producers  and  refiners  have  been 
trained  by  the  experience  of  the  past  and  have,  as  a 
b<  dy,  heretofore  met  all  the  emergencies  of  the  busi- 
ness and  are  meeting  the  present  great  emergency. 
Probably  no  other  industry  lia>  striven  harder  to  serve 
well  the  public  than  has  the  oil  industry.  It  matters 
not  where  the  motorist  has  driven  his  car  along  the 
highways  of  this  country  the  past  season,  he  has  found 
close  at  hand  a  supply  station  fully  jueeting  his  needs 
for  oil  and  at  a  fair  price. 

The  conclusions  arc  as  follozcs: 

First  —  That  this  country  will  supply  an  increased 
amount  of  petroleum  sufficient  for  our  expanding  needs 
for  only  a  few  years  to  come. 

Second. — That  we  will  in  the  not-distant  future,  jkis- 
sibly  in  20  years,  reach  our  maximum  production  of 
petroleum  within  the  limits  of  the  I'nited  States. 

Third. — That  the  world's  maximum  production  of 
petroleum  is  many  years  distant. 

Fourth. — That  our  supply  of  petroleum  will  in  the 
future  be  supplemented  by  shale  oil  and  light  oils  from 
tar,  so  that  there  should  never  be  any  real  danger  of  a 
hydrocarbon  oil  famine. 

Final— the  title  of  the  paper.  'An  Optimistic  View 
of  the  Future  Supply  of  Oil,"  is  fully  justified. 
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THE  ELEMENTS  AFFECTING  RIDING  QUALITIES  OF  A  MOTOR  VEHICLE 

"SPRINGS"* 

By  WALTER  C.  KEYS 

I'kkfi.i  nos  Spring  Division  of  The  Standard  Parts  Company  of  CLBVKLAMB 


*  T  this  meeting  on  "  S]>ritij^ s  "  we  want  to  find  mil 
/\  for  the  society  and  for  the  industry  just  what 
* »  can  be  accomplished  by  springs  themselves,  in 
so  far  as  is  known  to-day  in  the  art  of  designing  and 
building  springs,  in  bettering  the  riding  qualities  of  a 
motor  vehicle.  Under  the  heading  of  design  of  springs, 
there  will  be  two  subheadings:  First,  The  Type  of 
Springs  (Full-elliptic,  Semi-elliptic,  Platform.  Canti- 
lever. etc>;  and,  second.  The  Design  of  the  Spring 
Itself.  This  MCOnd  subheading  would  have  to  do  with 
the  spring  being  made  up  of  a  few  and  heavy  leaves 
or  many  thin  leaves.  Also,  wc  would  be  told,  in  con- 
nection with  this  second  subheading,  the  advantage  of 
broad  and  more  or  less  flat  springs  in  minimizing  side 
sway.  etc. 

Springs  and  suspensions  are  interesting  because 
elusive.  There  are  no  formula"  and  data  which  are 
easily  workable  for  the  inexperienced  engineer. 

As  to  type  ol  suspension,  much  can  and  doubtless 
will  be  said.  The  tendency  in  American  design  i<  now 
strongly  toward  semi-elliptic  construction  for  both 
front  and  rear  springs. 

The  best  known  and  most  generally  used  spring 
suspensions  arc  Semi-elliptic,  three-quarter-elliptic, 
full-elliptic,  three-quarter  platform,  full  cantilever, 
One-quarter  cantilever,  and  single  cross  spring.  These 
types  are  so  familiar  to  us  all  that  a  description  of 
them  is  unnecessary.  Each  type  has  its  own  good 
points,  and  some  types  are  especially  applicable  to 
certain  cars.  But  each  type  must  be  correctly  worked 
out  for  any  particular  car  in  order  to  give  satisfaction. 

Some  years  ago  an  advertising  campaign  was  con- 
ducted by  a  certain  company  to  educate  the  layman  to 
believe  that  the  underslung  frame  gave  the  best  type 
of  chassis  that  had  yet  been  produced.  Many  reasons 
were  offered.  A  few  other  companies  followed  with 
underslung  construction,  and  many  people  believed 
that  the  whole  industry  would  follow  this  precedent. 
We  now  know  that  the  underslung  construction  is, 
for  practical  reasons,  not  superior  to  the  overhung  frame. 
It  i>  not  now  used  by  any  large  manufacturer  of  gasoline 
cars  in  the  United  States. 

Similarly  wc  saw  the  bevel-gear  drive  come,  being 
properly  heralded  by  such  cars  as  the  old  "  Silent 
Northern."  But  for  practical  reasons  wc  did  not  aban- 
don the  bevel  drive  and  return  to  the  chain,  because 
we  learned  that  a  properly  designed  and  built  bevel- 
gear  axle  gave  far  better  satisfaction  than  the  old  noisy 

*  Presented  before  Pennsylvania  Section.  Society  Auto- 
motive Engineers,  October  25.  1917,  at  the  Engineers'  Cluh. 


chain,  which  could  not  be  protected  from  mud  and  grit 
and  which  was  always  having  to  be  replaced. 

Two  or  three  years  ago  we  heard  a  good  deal  of 
talk  about  cantilever  rear  springs.  Some  engineers 
argued  that  the  greater  length  of  the  full  floating  canti- 
lever resulted  in  better  riding  qualities  because  of  the 
slower  period  of  vibration  which  was  possible.  Much 
publicity  was  given  to  this  type  of  spring  by  those  who 
adopted  it.  The  public  has  learned  convincingly  that 
there  is  no  outstanding  superiority  of  riding  qualities  of 
those  cars  which  are  equipped  with  cantilever  springs. 
There  are  very  few  men  who  could  pick  out  a  cantilever 
suspension,  judging  by  riding  qualities  only. 


F„  1. 


None  of  us  will  ever  forget  the  rides  wc  have  had 
over  a  corduroy  road  in  a  jolt  wagon.  Traveling  at 
slow  speed,  with  no  springs  of  any  sort,  every  uneven- 
ness  of  the  road  is  followed  by  the  wheels  and  the 
wagon  body.    This  is  one  extreme. 

The  other  is  the  modern  automobile,  equipped  with 
large  tires,  properly  designed  springs,  and  properly  de- 
signed  cushions    Each  of  these  three  elements  plays  a 
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very  important  part  in  giving  the  passenger  the  com- 
fortable ride  which  he  enjoys. 

Tires  are  depressed  l>y  the  smaller  obstacles,  an 
inch  or  two  in  height.  The  springs  take  care  of  the 
larger  humps  and  depressions  in  the  road — within  limits. 
of  course.  Cushions,  if  properly  designed,  also  greatly 
aid  in  reducing  the  jar  which  passengers  receive  from 
rough  roads,  and,  furthermore,  they  absorb  many  small 
vibrations  of  the  car  frame  which  would  otherwise 
be  quite  annoying. 

The  principal  function  of  the  chassis  spring  is  to 
store  up  and  pay  out  energy.  For  this  purpose  the  most 
generally  used  type  is  the  so-called  elliptic  spring.  In 
this,  a  x-ries  of  tlat  plates  are  bent  from  the  shape  they 
assume  when  free,  to  some  other  form,  as  load  is  applied 

In  Fig.  1  take  each  plate  separately  and  load  it  as  ;t 
cantiliver  beam,  or  take  the  spring  as  a  whole  and  apply 
load  to  it ;  we  rind  that  the  deflection  increases  practically 
directly  as  the  load  is  applied.  In  other  words,  the  load- 
deflection  curve  is  a  straight  line,  and  the  energy  stored 
up  by  deflecting  the  spring  a  number  of  inches,  OA', 
under  a  load  of  OY,  is  represented  by  the  area  of  the 
triangle  OA"./.  This  is  fundamental  and  applies  whether 
the  spring  is  a  cantilever  beam,  a  coil  spring  in  either 
tension,  compression,  or  torsion. 

To  word  it  more  broadly,  we  may  say  that  if  it 
takes  100  pounds  to  bend  or  twist  a  piece  of  steel  a 
certain  amount,  it  will  take  200  pounds  to  bend  or  twist 
it  twice  that  amount,  working  within  the  clastic  limit 
of  the  material. 

Now  this  law  which  applies  to  one  flat  leaf  spring 
also  applies  to  two  which  arc  coupled  together,  as  in 
the  case  of  a  three-quarter  elliptic  or  full-elliptic  spring. 
Therefore  no  great  difference  should  be  found  in  the 
riding  qualities  of  an  automobile  as  we  change  from 
one  type  of  suspension  to  another,  other  things  being 
practically  the  same.  That  this  is  true  is  attested  by 
the  variety  of  suspensions  which  have  been  in  use  in 
the  United  States  for  the  past  ten  years.  If  any  one 
type  had  consistently  shown  its  universal  superiority, 
car  builders  would  have  been  forced  to  adopt  it,  just 
as  they  were  forced  to  adopt  bevel-gear  rear  axles. 

Fig.  2  shows  five  hypothetical  cars  which  are  fairly 
typical  of  the  cars  on  the  American  market  to-day.  The 
dimensions  of  the  springs  are  such  as  we  have  found 
to  give  good  results.  The  loads  and  rates  per  inch  are, 
of  course,  approximate  only.  The  semi-elliptic  spring 
front  and  rear  is  chosen  because  this  type  of  suspension 
is  simple  from  both  the  spring  maker's  and  car  builder's 
standpoint,  especially  if  the  llotchkiss  drive  is  used. 

In  developing  any  suspension  we  must  at  every 
stage  keep  the  work  practical.  In  order  to  accomplish 
this,  we  must  know  the  various  processes  of  manufac- 
ture of  the  spring,  and  we  must  know  the  use  to  which 
the  spring  will  be  put.  The  spring  lengths,  widths 
and  thickness  of  plates  must  be  worked  out  practically, 
giving  due  consideration  to  weight  of  car,  total  deflec- 
tions, flexibility,  etc.    There  is  no  way  of  arriving  at 
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consistently  good  results  in  laying  out  suspensions 
otlu  r  than  to  use  good  judgment,  based  on  records  or 
knowledge  of  numerous  good  suspensions  in  past  or 
present  use.  Compilations  of  such  records  are  gener- 
ally carefully  guarded  by  spring  engineers,  to  whom 
they  are  especially  valuable. 

A  very  large  number  of  the  automobiles  in  America 
are  driven  most  of  the  time  on  fairly  good  roads  or 
pavements.  There  are  times,  however,  when  mads 
and  weather  are  bad  and  the  driver  is  in  a  hurry.  It 
is  then  that  springs  are  called  on  to  give  their  maximum 
service.  No  man  can  have  the  proper  respect  for  the 
springs  on  his  car  until  he  has  ridden  at  high  speed 
over  rough  roads  full  of  bad  ruts.  The  side  strains 
on  springs  are  enormous,  and.  while  you  brace  yourself 
to  keep  from  being  thrown  from  one  side  of  the  car 
to  the  other,  you  wonder  how  those  springs  under  vou 
can  be  strong  to  hold  the  axles  and  frame  together. 

Fig.  3  shows  a  large  touring  car  just  alighting  from 
a  forty-foot  broad  jump,  taken  at  a  speed  of  fifty  miles 
an  hour.  This  is  rather  extreme,  but  nevertheless  the 
chassis  springs  must  be  capable  of  standing  up  under 
such  unusual  conditions. 

One  of  the  important  functions  of  the  rear  springs  is 
that  of  taking  the  driving  and  braking  strains.  In  the 
case  of  Hotchkiss  drives  they  must  also  withstand 
the  axle  torque  due  to  driving  and  braking.  Familiar- 
ity with  these  requirements  enables  the  engineer  to 
furnish  springs  which  are  practical  from  the  standpoint  of 
manufacture  and  performance. 
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Let  us  not  forget  that  the  sales  manager  wants 
things  practical  from  his  stand|>oint,  too.  He  wants  the 
car  low,  and  that  means  small  clearance  between  axle  and 
frame ;  and  thai  means  less  flexibility  of  the  springs.  He 
wants  to  have  new  talking  points  each  year,  so  we  must 
humor  him  when  he  demands  a  change  from  semi' 
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elliptic  to  cantilever,  or  from  full-elliptic  to  three- 
quarter  platform. 

The  curves  in  Fig.  4  are  taken  from  two  springs  of 
the  same  length,  width,  and  flexibility,  but  having 
different  number  of  plates.  These  curves  were  made 
by  applying  varying  loads,  beginning  at  zero  and  in- 
creasing to  a  maximum  of  1700  pounds,  and  then  re- 
leasing load  gradually  to  zero  again.  For  each  load 
applied  the  deflection  is  recorded.  It  is  to  be  noted 
that  when  load  is  first  released  the  spring  docs  not 
recoil  immediately  and  that  there  is  a  loop  between 
the  lines  representing  increase  and  decrease  of  load. 
This  loop  represents  the  damping  effect  of  the  inter- 
leaf friction. 

If  it  were  not  for  the  damping  caused  by  the  plates 
of  the  springs,  the  friction  of  shackles  and  eye-bolts, 
the  automobile  would  continue  to  bounce  up  ami  down 
a  long  time  after  striking  a  single  bump.  This  damping 
effect  is  essential  in  good  suspensions,  and  must,  of 
necessity,  be  present  to  some  extent  in  any  sus|iension 
which  could  be  worked  out  for  practical  use. 

The  springs  on  racing  cars  are  always  taped  or 
provided  with  some  dead  metal  between  leaves  to  fur- 
ther damp  their  action.  Many  devices  are  now  on 
the  market  and  in  general  use  which  act  solely  as 
dampers  to  spring  action. 

The  Perfection  Spring  Company,  now  one  of  the 
twelve  divisions  of  The  Standard  Parts  Company,  some 
time  ago  brought  out  "  thin  leaf  "  springs  which  are 
composed  of  many  thin  leaves,  having  about  the  same 
flexibility  as  the  regular  springs,  but  having  greater 
damping  effect,  as  shown  in  Fig.  4.  wherein  it  is  to  be 
noted  that  the  loop  or  damping  effect  is  greater  for 
the  twenty-leaf  spring  than  for  the  ten-leaf  spring. 

ENGINEERS'  CLUB 


THE  SPRING  ITSELF 

Not  a  great  deal  can  be  done  with  the  elliptic  springs 
other  than  to  design  them  with  proper  length  and  width 
and  to  use  as  large  a  number  of  plates  as  may  he  con- 
sidered practical  from  the  Standpoint  of  weight,  cost, 
and  total  thickness  of  spring. 

In  most  cars  the  springs  soon  become  rusty  and  for 
the  most  part  are  not  kept  in  the  well-lubricated 
condition  in  which  they  arc  sent  out  by  the  manufac- 
turer. Rusty  springs  do  not  work  as  freely  as  well- 
lubricated  springs.  That  is  to  say,  the  flexibility  is 
slightly  less  and  the  damping  effect  is  considerably 
greater. 

A  recent  experiment  performed  with  a  set  of  old 
springs  led  me  to  the  conclusion  that  by  thoroly  lubri- 
cating them  the  riding  qualities  were  improved  for 
driving  on  pavements  where  there  were  only  slight 
irregularities.  However,  in  driving  over  rough  roads 
the  riding  qualities  were  less  satisfactory  because  of 
the  tendency  of  the  car  to  continue  bouncing  after 
striking  the  big  bumps. 
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RIDING  QUALITIES 

A  few  years  ago  the  task  was  assigned  of  improving 
the  riding  qualities  of  a  certain  car  owned  by  a  man 
well  known  tbruont  the  land.  The  car  was  equipped 
with  a  special  closed  body. 

Considering  every  item  which  might  be  modified, 
the  following  changes  were  made:  The  pressure  was 
reduced  in  tires.  This  did  not  cure  the  trouble.  Sec- 
ond, softer  chassis  springs  were  substituted.  Third, 
snubbers  were  added  on  the  rear.  These  changes  did 
not  noticeably  improve  the  riding  qualities.  The  last 
move  was  to  have  all  the  upholstery  in  the  cushion 
and  seat-back  opened  Up.  I  lerc  the  cause  of  the  trouble 
was  apparent,  for  the  cushion  springs  were  of  makeshift 
construction,  ami  evidenced  a  deplorable  ignorance  of 
the  good   and   practical.     Properly   designed  cushion 
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springs  were  substituted,  the  cushions  were  pro- 
vided with  adequate  air  vents,  and  harsh  riding 
qualities  vanished. 

ITEMS  AFFECTING  RIDING  QUALITIES 

1.  Speed  of  car. 

2.  Flexibility  of  springs  in  relation  to  load  carried. 

3.  Period  of  vibration. 

4.  Axle  clearance. 

5.  W  heel  base. 

6.  Size  of  wheel. 

7.  Size  of  tire. 

8.  Inflation  pressure  of  tires. 

9.  Possibility  «>f  synchronism  of  period  of  from 
and  rear  springs. 

10.  Depth  of  cushion  springs. 

11.  Period  of  vibration  of  passenger  on  cushion. 

12.  Position  of  passenger  in  relation  to  wheel  base. 

13.  Location  of  center  of  gravity  of  car. 

14.  Relation  of  unsprung  to  sprung  weight. 

15.  Flexibility  of  frame  side  members. 

16.  Shock  absorbers. 

17.  Supplementary  springs. 

18.  Spring  inserts. 

19.  Effect  of  rebound  straps, 

20.  Effect  of  torque  at  rear  axle  and  at  front  of 
frame. 

21.  Eccentricity  of  spring. 

22.  Tightness  of  shackles  and  eye-bolts. 

23.  Gyroscopic  action  of  rotating  parts. 

24.  Condition  of  road. 

25.  Skill  of  driver  in  avoiding  bumps  ami  holes. 

26.  Ability  of  passenger  to  ride  easily. 

27.  Clothing  worn  by  passenger. 


Some  time  ago  a  well-known  automobile  engineer 
had  some  other  engineers  out  for  a  trip.  As  he  drove 
along  over  a  fairly  rough  road  he  repeatedly  called 
attention  to  the  nice  action  of  the  springs,  which  were 
equipped  with  a  certain  auxiliary  device.    When  they 


FIG.  6 

reached  their  destination  they  were  invited  to  look  at 
the  new  spring  attachment,  and  in  looking  under  the 
rear  end  of  the  car.  to  the  amusement  of  all  they  found 
that  the  attachment  was  not  on  the  car  at  all. 


Fio.  ?  Pic.  « 

Chevrolet  Model.  .1  puiengrrt,  10  mi!e»     Buirlc  D-JS.  J  puMrngert.  10  mil«a 
per  hour  pet  hour 


■B 

FIO.  »  FIC  10 

Oakland  6,   J  pauengen,   20  mBti     Buiclc  D-JS.  J  p»«enf«rt,  JO  mi!ei 
per  hour  per  hour 


FIG.  II 

(  bevTo'ct  Model  F,  J  paisengm,  30  mile*  per  hour 

RECORD  OF  RIDING  QUALITIES 

When  first  studying  engineering  work  in  connection 
with  automobile  suspensions,  one  is  impressed  with  the 
great  diversity  of  opinions  regarding  riding  qualities, 
shock  absorbers,  etc.  There  has  been  need  for  some 
graph  or  record  to  prove,  in  addition  to  one's  impres- 
sions, whether  a  certain  shock  absorber  or  auxiliary 
device  tended  to  improve  the  riding  qualities.  Maga- 
zine advertisements  and  salesmen's  talk  might  create 
a  market,  but  they  would  not  convince  an  engineer. 

Fig.  5  illustrates  a  means  of  obtaining  actual  rec- 
ords. Electric  lights  are  mounted  on  wheels,  fenders, 
ami  passengers  of  an  automobile,  which  is  then  driven 
at  night  in  front  of  a  camera. 

Fig.  6  is  a  record  made  at  twilight.  The  car  was 
driven  over  the  standard  obstruction  at  about  one  mile 
per  hour. 

Figs.  7.  8,  9.  10,  and  11  are  records  made  by  various 
cars  under  different  condition*. 

In  closing  it  may  be  stated  that  in  spite  of  the  fact 
that  the  spring  business  has  been  shrouded  in  mystery, 
there  reallv  is  no  mystery  about  it. 
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THE  ENGINEER  IN  THE  CHEMICAL  INDUSTRY  1 

H.  E.  HOLL1STER,  Member 
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THE  engineer  has  become  a  popular  subject  of  dis- 
cussion, thanks  to  the  general  trend  of  public  opin- 
ion, and  we  read  and  hear  considerably  more  about 
him  now  than  \vc  did  a  few  years  ago.  The  scope  of 
his  work,  the  publicity  given  his  accomplishments,  and 
recognition  by  the  public  at  large  are  becoming  more  ex- 
tensive every  day. 

Engineers  should  try  to  increase  publicity,  especially 
that  given  by  the  newspapers,  and  at  the  same  time  en- 
deavor to  substantiate  the  correctness  of  statements  pub- 
lished in  the  papers. 

In  the  technical  papers  we  read  and  discuss  "  His  Re- 
lation to  His  Client,"  "His  I'osition  in  Public  Life,"  and 
those  of  us  with  a  sense  of  humor  arc  amused  by  the 
discussions  we  hear  as  to  whether  or  not  the  engineer  is 
professional  if  he  accepts  a  salary.  What  is  most  inter- 
esting and  encouraging  is  the  view  now  taken  by  the 
newspapers  of  the  many  pieces  of  engineering  work  under 
construction  and  the  interest  manifested  in  them  by  the 
public. 

Not  many  years  ago  the  field  of  engineering  work- 
was  very  narrow.  In  connection  with  steel  work,  in  the 
case  of  bridges,  the  engineers'  services  were  considered 
necessary,  but  if  a  bridge  was  to  be  built  of  wood  a  car- 
penter was  considered  capable  of  designing  it.  Even 
buildings,  regardless  of  their  size  or  type,  have  seemed 
to  the  public  the  work  for  an  architect  rather  than  an 
engineer.  This  view  is  carried  so  far  that  the  city  of 
Chicago  allows  only  a  registered  architect  to  design  build- 
ings built  within  its  limits.  Still,  few  architects  arc  quali- 
fied to  figure  the  stresses  in  a  structure  In  fact,  some 
of  the  most  renowned  of  that  profession  would  not  appre- 
ciate being  classed  as  an  engineer.  Again,  when  the  engi- 
neer was  referred  to,  people  immediately  thought  of  the 
locomotive  engineer,  or  of  the  stationary  engineer,  and, 
if  they  considered  him  in  any  other  light,  it  w  as  as  a  sur- 
veyor. Even  the  business  man's  notion  of  the  engineer- 
ing profession  or  its  scope  was  limited  and  narrow,  and 
this  was  really  the  fault  of  the  engineer  himself.  Either 
lie  did  not  know  how  or  did  not  think  it  worth  w  hile  to 
educate  the  people :  he  did  not  speak  in  the  language  they 
understood,  and,  further  than  that,  he  was  too  secretive. 

Conditions  have  changed  and  ihe  various  branches  of 
the  profession  are  better  understood  and  the  importance 
of  the  engineers'  work  is  more  appreciated.  Cities  are 
finding  it  better  to  forget  politics  and  put  the  water,  street, 
and  sewer  departments  in  the  hands  of  executive  engi- 
neers, and  some  municipalities  have  gone  so  far  as  to  place 
all  city  affairs  under  engineering  managements. 

The  business  man  and  the  banker  now  have  a  better 
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understanding  of  the  engineer.  There  was  a  time  when 
the  lawyer  was  the  first  man  consulted  when  business 
went  wrong,  but  now  the  business  man  and  the  banker 
feel  more  toward  a  business  as  they  would  to  their  liody. 
1  f  they  feel  out  of  sorts,  they  conclude  something  must  be 
wrong  and  consult  a  doctor.  This  is  much  more  satisfac- 
tory than  leaving  the  w  rong  go  on  or  to  take  a  dose  of 
poison  ;  so  in  business,  when  things  go  w  rong  thev  find 
an  engineer  and  he  locates  the  trouble  and  prescribes  the 
remedy.  The  engineer  in  turn  is  learning  how  to  present 
facts  in  a  way  that  the  business  man  understands. 

You  now  find  the  engineer  in  many  places  that  were 
not  open  to  hint  a  short  time  ago.  He  is,  of  course,  found 
in  mining  operations,  but  you  find  him  also  in  many 
branches  of  industry.  The  people  and  business  men  have 
opened  their  eyes  to  his  ability,  for  it  stands  to  reason 
that  a  man,  to  make  a  good  engineer,  must  have  a  quick, 
accurate  brain,  must  l>e  original  and  creative,  and  be  able 
to  think  quickly  and  clearly  in  an  emergency,  and  with 
these  qualifications  and  his  ability  for  study  and  applica- 
tion, he  is  a  valuable  man,  even  outside  his  ow  n  profession. 

One  of  the  branches  of  the  profession  not  so  widely 
understood  or  advertised  is  the  chemical  engineer.  Of 
course,  in  this  country,  he  had  little  to  discuss  publicly 
until  the  war  changed  conditions.  In  Europe,  especially 
in  ( iermany,  the  engineer  has  been  an  important  factor 
for  some  time  past,  but  in  America  chemical  works  were 
small,  were  largely  neglected  by  bankers,  and  did  not 
seem  to  feel  the  need  of  engineering  services.  1  do  not 
mean  there  were  no  large  chemical  companies  in  this 
country  or  that  they  did  not  engage  engineers,  but  it  is 
a  fact  that  the  greater  |>ortion  were  small  and  could  get 
along  especially  if  the  chemist  or  superintendent  had 
some  degree  of  engineering  ability. 

If  bankers  bad  taken  more  interest  and  had  invested 
mure  money  they  would  have  insisted  on  investigation  by 
an  engineer,  but  as  matters  went,  except  in  some  of  the 
highly  developed  branches,  they  managed  to  get  along 
without  such  services. 

After  the  war  l>egan  conditions  changed  greatly.  Big 
opportunities  in  the  present  and  future  were  seen  by 
progressive  concerns,  capital  became  interested,  companies 
combined,  others  started,  and  the  busy  life  for  the  chemical 
engineer  began. 

Very  few  people  realize  or  understand  just  where  this 
country  stood  at  the  outbreak  of  war  as  regards  chemicals, 
and  few  appreciate,  even  to  professional  men.  the  im- 
portance of  the  various  chemica's  in  daily  life.  Perhaps, 
if  there  were  a  better  understanding,  more  interest  and 
importance  would  be  attached  to  the  chemical  industry. 
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Clothes,  food,  and  transportation,  as  well  as  light  and, 
to  sonic  extent,  heat,  are  all  dependent  on  chemicals  and 
the  chemical  industry.  The  Germans  knew  this  and  good- 
natmedlv  saved  its  the  trouble  of  making  many  of  the 
much-needed  and  important  materials:  in  fact,  according 
to  some  of  their  optimistic  writers,  they  were  sure  the 
United  States  could  not  assist  Germany's  enemies  to  any 
extent,  due  to  the  fact  that  the  shortage  of  chemicals 
would  so  cripple  us  that  we  would  he  in  bad  shape  our- 
selves. They  did  not  credit  the  American  engineer  or 
chemist  with  any  brains. 

What  is  the  actual  condition  to-day?  We  arc  now 
making  about  everything  required  and  of  quality  equal  to 
anything  ever  imported.  The  quantity  is  in  most  cases 
satisfactory  and  in  many  cases  larger  than  past  supply. 

How  many  have  ever  given  the  engineer  credit  for  any 
of  this  development  work  ?  Even  the  chemist  has  been 
neglected.  The  people  seem  to  feel  that  "  We  (meaning 
most  any  one  |  have  made  dyes.'*  and  their  interest  goes 
no  further :  the  chemist  and  the  engineer  have  done  little 
to  enlighten  them. 

All  this  development  has  been  done  under  great  handi- 
cap, much  less  data  being  available  in  this  line  than  in 
other  branches  of  the  profession.  Companies  and  indi- 
viduals are  secretive,  and  there  is  little  with  which  to 
make  comparison.  There  has  not  always  been  the  heartiest 
cooperation  between  the  chemist  and  the  engineer,  and 
this  is  very  important  for  real  success.  Employers,  due 
to  the  fear  that  their  practice  might  become  public,  have 
kept  information  from  the  men  they  desired  to  develop 
their  business  ami  processes.  Vet.  thru  it  all,  and  with 
many  handicaps,  the  industry  has  been  placed  in  a 
position  it  never  held  before. 

In  the  matter  of  acids  we  have  improved  processes, 
enlarged  plants,  and  only  for  the  large  advance  in  price  of 
labor  and  raw  material  could  have  reduced  cost  of  pro- 
duction. Much  larger  quantities  are  being  made  with  the 
same  or  less  labor  and  with  the  same  building  space.  The 
present  production  is  much  larger  than  that  of  four  years 
ago,  the  greatly  increased  demand  having  been  caused  by 
the  requirements  for  explosives  and  munitions.  After 
the  war,  other  uses  for  the  greater  part  of  it  will  be 
found,  and,  in  fact,  some  firms  are  prepared  for  that  now. 

Many  chemical  salts  arc  now  made  that  heretofore 
were  imported.  Few  people  in  watching  a  hrakeman  leave 
a  train  at  night  with  his  lantern  and  box  of  signal  lights 
have  known  that  the  material  for  making  thess  lights 
came  only  from  Germany.  At  the  beginning  of  the  war 
a  large  signal-light  manufacturer  found  himself  in  a  bad 
position  for  lack  of  the  strontium  nitrate  to  make  fuses. 
Celestite,  a  native  rock,  which  is  a  sulphate,  was  available, 
hut  there  was  no  known  process  by  which  pure  strontium 
nitrate  could  be  made  from  it,  as  the  material  must  be 
absolutely  pure.  Several  firms  tried,  but  met  with  failure  ; 
one  concern  succeeded  and  the  process  was  really  simple. 

Potash  is  still  short,  but  the  problem  is  being  solved. 
It  is  now  In-ing  obtained  from  various  rocks  as  well  as 
from  sea-weeds,  and  also  from  the  saline  lakes  of  the 


West-  Engineers  have  also  invented  processes  to  recover 
it  from  cement-mill  and  blast-furnace  dust.  We  need  a 
greater  supply,  but  are  doing  w  ell  with  what  we  have  and 
the  substitutes  for  it. 

There  are  many  developments  that  would  be  interest- 
ing to  consider,  but  they  could  be  discussed  only  in  detail 
if  taken  up  properly.  However,  it  is  safe  to  say  that  we 
are,  ami  will  continue  to  he,  independent  of  any  country 
for  chemicals.  There  are  still  some  raw  materials  we 
import,  the  most  ini|>ortant  of  which  is  probably  sodium 
nitrate,  which  comes  only  from  Chile  and  is  used  for 
making  nitric  acid,  but  even  this,  if  necessary,  could  be 
done  away  with  by  using  any  of  the  several  processes  for 
fixing  atmospheric  nitrogen ;  however,  the  nitre  process  is 
still  the  cheapest  source  of  nitric  acid  known. 

The  question  now  is:  "  What  will  the  chemical  engi- 
neer do,  as  most  developments  have  been  made?"  The 
industry  has  by  no  means  been  developed  to  the  highest 
or  even  a  satisfactory  level.  There  is  too  much  loss,  too 
much  waste,  and  manufacturing  costs  are  too  high. 

In  the  words  of  Topsy.  in  our  renowned  "  Uncle 
Tom's  Cabin  ":  "  I'se  just  grew."  So  many  of  our  chem- 
ical plants  just  grew.  There  is  too  much  hand  labor,  units 
are  sometimes  too  small,  steam,  water,  and  compressed 
air  consumption  is  almost  always  too  high,  and  there  are 
many  other  bad  points.  In  many  cases  manufacturing 
costs  arc  not  known.  Cost-keeping  systems  are  bad,  and 
prices  are  set  by  guess;  in  other  words,  they  need  the 
doctor  and  should  have  him  before  the  war  ends,  for 
prices  and  manufacturing  costs  arc  now  too  high  to  meet 
foreign  conditions.  The  heavy  taxes  in  foreign  countries 
will  help  some,  but  we  will  also  have  our  burden. 

In  Germany,  according  to  an  American  consul,  the 
large  chemical  companies  which  previous  to  the  war 
carried  on  a  foreign  trade  of  about  $214,000,000  have 
combined  their  foreign  interests  for  the  purjiose  of  re- 
gaining the  business  they  had  previous  to  the  war. 
These  companies,  which  include  the  Hadische  Anilin  and 
Sodafabrik,  Hocchster  Earbwcrke,  Leopold  Cassella  & 
Co.,  and  others,  are  highly  organized.  Their  production 
costs  are  naturally  lower  than  ours,  and  they  will  probably 
use  any  means  to  regain  their  old  markets. 

We  must  save  waste,  reduce  labor,  improve  the  proc- 
esses to  the  highest  |>oint  of  efficiency,  utilize  products 
now  thrown  away  as  waste,  and  lay  out  the  plant  as  a 
whole  so  that  the  handling  of  raw  and  finished  products 
is  done  with  the  least  amount  of  labor.  This  does  not 
necessarily  mean  a  large  expenditure  of  money  or  the 
shut-down  of  the  plant.  It  is  here  the  engineer  is  qualified 
to  handle  the  situation. 

Considerable  has  been  done  in  the  matter  of  utilizing 
waste  materials.  In  some  cases  the  new  products  arc  as 
valuable  as  the  original  materials.  Millions  of  dollars 
arc  being  thrown  on  the  dump  pile  which  should  be  saved. 

There  is  still  work  for  the  chemical  engineer  and  still 
an  opportunity  for  him  to  continue  the  good  work  he  has 
started.  What  he  needs  is  the  cooperation  of  the  rest  of 
the  profession  and  as  much  publicity  as  possible. 
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THE  progress  of  all  branches  of  chemistry  in  this 
country  since  the  beginning  of  the  war  has 
been  remarkable,  and  the  lay  and  scientific  press 
lias  been  tilled  with  the  wonders  that  American  chem- 
ists have  worked  in  the  short  space  of  three  years. 

There  never  was  any  question  in  the  mind  of  those 
familiar  with  the  subject  as  to  the  ability  of  American 
chemists  to  cope  with  the  problems  which  have  arisen 
in  the  past  few  years,  but  the  opportunity  to  demon- 
strate this  ability  was  not  accorded  the  chemist  until 
the  advent  of  the  war.  It  would  take  considerable 
space  to  relate  all  that  has  been  accomplished  by  the 
pharmaceutical  chemist  in  the  last  few  years,  but  a 
few  specific  instances  of  American  progress  in  pharma- 
ceutical chemistry  will  no  doubt  be  of  interest. 

While  I  am  most  familiar  with  the  problems  which 
have  confronted  our  firm  and  what  has  been  done  to 
solve  them,  our  experiences  have  doubtless  been  the 
same  as  those  of  other  concerns  in  the  same  field. 

The  preparation  of  scrums,  scrobacterins,  and  other 
biological  products  is  dependent  to  a  large  extent  upon 
organic  chemicals;  for  instance,  pure  sugars,  such  as 
dextrose,  lactose,  and  inulin,  are  required  in  the  work 
of  identifying  different  bacteria.  These  pure  sugars 
formerly  came  from  Europe,  but  when  American  sup- 
plies were  cut  off,  our  research  laboratories  were  able 
to  devise  methods  for  producing  these  sugars  in  pure 
form  on  a  commercial  scale  sufficient  for  our  own  needs 
and  for  supplying  other  laboratories. 

Witte's  peptone  has  long  been  the  standard  for  the 
preparation  of  bouillon  used  in  growing  bacteria.  Sup- 
plies of  this  essential  article  have  also  been  cut  off  and 
it  became  necessary  to  make  peptone.  The  peptone 
produced  in  this  country  thus  far  has  not  been  as  satis- 
factory as  the  one  formerly  imported,  but  it  is  good 
enough  for  most  practical  purposes.  We  have  pro- 
duced peptone  in  solution  sufficient  for  our  needs  in 
the  production  of  antitoxins,  etc. 

Another  very  important  article  required  by  the  bac- 
teriologist is  three  cresols,  marketed  by  German  firms 
under  the  name  "Trikresol."  Three  cresols  is  used  in 
the  preservation  of  serum,  bacterins,  and  other  biologi- 
cal products  because  it  has  a  high  antiseptic  value  and 
is  not  poisonous  in  the  sense  that  phenol  is.  It  is  not 
irritating  to  the  tissues,  and  in  the  minute  quantities 
needed  for  preservation  of  biological  products  has  ahso- 
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lutely  no  effect  when  injected  with  the  serum  or  sero- 
bacterin.  While  crude  cresol  and  cresylic  acid  have 
been  purchasable,  the  high  degree  of  purity  required 
by  our  bacteriological  laboratories  necessitated  con- 
siderable research,  resulting  in  a  clear  product  which, 
according  to  our  bacteriologists,  is  better  than  the 
product  formerly  imported. 

In  the  strictly  pharmaceutical  field,  the  shortage 
of  crude  drugs  has  l>cen  felt  more  or  less  keenly  ever 
since  ln14.  Fortunately,  there  were  considerable  quan- 
tities of  badly  needed  crude  drugs  on  hand  in  this  coun- 
try when  the  war  began,  and  some  have  been  culti- 
vated, but  the  situation  just  at  present  is  anything  but 
comfortable.  Stocks  of  many  crude  drugs  have  been 
exhausted,  and  the  cultivation  of  medicinal  plants  has 
not  yet  assumed  any  great  proportions  in  the  United 
States.  A  great  deal  of  misinformation  and  very  little 
valuable  information  have  been  circulated  by  the  public 
press  on  this  topic.  Two  years  ago  the  Pennsylvania 
Pharmaceutical  Association  issued  a  publicity  bulletin 
calling  attention  to  the  possibilities  of  drug  plant  culti- 
vation. Any  number  of  letters  were  received  from  in- 
dividuals all  over  the  United  States,  asking  for  advice 
along  this  line  ;  and  one  individual  living  in  Mississippi 
wrote  that  she  understood  jimson  weed  was  now  bring- 
ing ten  dollars  an  ounce ;  would  we  kindly  give  her 
exact  information  as  to  where  to  dispose  of  it,  as  she 
had  nearly  one-half  acre  available?  A  newspaper 
writer  in  the  Dayton  (Ohio)  Herald  gives  the  following 
advice  to  drug  planters: 

"  'Camphor  is  now  grown  in  Florida  and  Texas, 
the  trees  forming  attractive  hedges.'  Who  ever  thought 
of  camphor  growing  on  trees?  A  hedge  of  green 
boughs  laden  with  a  luxuriant  crop  of  camphor  balls! 
How  sweet  the  evening  breeze  from  off  that  hedge! 
And  how  sanitary! 

"Why  can't  this  idea  be  extended  in  a  profitable  and 
beneficial  manner5  Put  a  quinine  hedge  either  side  of 
the  front  walk,  with  the  capsules  turned  toward  the 
flagging.  Then  plant  climbing  digitalis  where  it  will 
clamber  up  the  veranda  pillars. 

"Instead  of  sending  small  Raoul  to  the  corner  drug- 
gist, send  him  into  the  garden,  when  ill,  to  pick  your 
favorite  drug.  Plant  hardy  listerine  about  the  garbage 
can.  Have  a  good,  steady-bearing  orchard  of  sweet 
cascara  on  one  side  of  the  bouse,  and  sow  the  corner 
lot  to  paregoric.  Root  up  the  old  asparagus  bed  that 
never  does  anything,  and  substitute  early  aspirin.  You 
will  find  that  the  aspirin  will  begin  to  flower  about 
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Decoration  Day,  and  by  the  Fourth  of  July  the  rirst 
fresh  aspirs  will  be  ready  to  pluck.  Probably  you  can 
check  that  Fourth  of  July  headache  with  aspirin  from 
your  own  garden,  and,  even  if  it  doesn't  prove  alto- 
gether efficacious,  you  will  have  the  satisfaction  of  know- 
ing that  it  is  pure,  and  that  you  raised  it  yourself  in  your 
own  aspirin  bed.    This  joy  no  one  can  take  from  you." 

Let  us  consider  for  a  moment  the  truth  alnnit  the 
situation  regarding  medicinal  plants.  Those  drugs 
which  were  obtained  from  Europe  were  not  cultivated 
there,  but  grew  wild.  It  was  therefore  a  simple  matter  to 
have  them  picked  and  prepared  for  market,  and  the  ex- 
pense was  comparatively  slight.  The  cultivation  of  medici- 
nal plants  in  the  United  States  requires  expert  labor,  the 
production  of  artificial  conditions  of  soil  and  moisture 
in  order  to  provide  as  nearly  as  possible  the  conditions 
under  which  the  plants  grow  in  their  native  habitat, 
and  considerable  investment  of  money.  Drug  plants 
have  been  raised  on  an  experimental  scale  by  the  Gov- 
ernment and  in  the  drug  gardens  of  various  colleges, 
but  it  is  a  different  proposition  to  raise  them  on  a 
commercial  scale.  American  growers  of  crude  drugs 
were  confronted  with  the  necessity  of  increasing  the 
value  of  the  plants  in  order  to  overcome  the  high  cost 
of  cultivation.  It  w  as  soon  found  that  cross-pollination 
would  not  produce  plants  containing  more  active  con- 
stituents than  they  do  normally,  but  by  careful  selec- 
tion of  seed  it  has  been  possible  to  increase  the  amount 
of  active  constituents  in  such  plants  as  belladonna,  digi- 
talis, etc.,  to  three  and  four  times  what  the  Pharmaco- 
poeia requires.  Furthermore,  advanced  methods  of  har- 
vesting these  plants  have  made  it  possible  to  secure 
three  or  four  harvestings  in  one  season,  whereas  in 
former  years  one  or  two  w  as  the  limit. 

Mad  it  not  been  for  the  perfection  of  methods  of 
standardization  there  would  be  danger  in  using  drugs 
which  are  higher  in  their  content  of  active  principles 
than  is  normally  required.  But  the  fact  that  we  have 
methods  of  standardizing  these  drugs,  chemically  or 
physiologically,  or  both,  helps  to  make  the  cultivation 
of  these  drug  plants  w  ith  a  high  percentage  of  alkaloid 
an  economic  possibility.  Here  we  have  one  instance  of 
preparedness  on  the  part  of  American  manufacturers. 

I  was  interested  in  an  editorial  appearing  in  the 
business  section  of  the  Philadelphia  Public  Ledger  w  hich 
called  attention  to  the  fact  that  dyestuff  manufacturers 
are  taking  up  the  question  of  standardizing  colors.  The 
editorial  writer  stated  that  when  the  dyer  knows  a 
pound  of  green  will  produce  the  same  shade  and  dye 
as  much  material,  whether  the  maker  be  Rrown  or 
Jones,  the  American  industry  will  have  made  a  great 
step  forward.  The  pharmaceutical  industry  long  ago 
made  this  forward  step,  and  it  is  now  possible  for 
physicians  to  feel  satisfied  that  standardized  tinctures, 
fluidextracts,  extracts,  etc.,  can  always  be  depended 
upon  for  the  same  result  under  the  same  conditions 
when  given  in  the  same  dose.  Physiological  and  chemi- 
cal assay  methods  have  made  this  possible. 
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One  very  important  line  of  chemical  research  relat- 
ing to  medicine  and  surgery  that  has  grown  out  of  the 
war  has  been  the  search  for  an  ideal  wound  antiseptic. 

Among  the  war  antiseptics  thus  far  devised  arc  the 
Carrel-Dakin  solution,  Dichloramin-T  (the  name  pro- 
posed by  Doctor  Dakin  for  the  synthetic  germicide 
chemically  known  as  tolueneparasulphondichloramin), 
chlorazeiie  I  the  name  given  to  the  sodium  salt  of  para- 
toluencsnlphochloramin),  brilliant  green,  flavine.  and 
similar  dyes  and  various  modifications  of  these. 

The  Carrel-Dakin  solution  is  a  solution  of  sodium 
hypochlorite,  containing  between  0.45  and  0.5  per  cent, 
of  sodium  hypochlorite.  If  it  contains  less  than  0.45 
per  cent.,  it  is  ineffective,  and  if  it  contains  more  than 
0.5  per  cent.,  it  is  too  irritating.  It  is  the  outgrow  th  of  con- 
siderable experimenting  by  Dakin,  and  the  general  opinion 
seems  to  be  that  where  the  Carrel  technic  of  using  tliis 
solution  is  properly  carried  out  it  gives  excellent  results. 

The  hypochlorites  have  long  been  known  for  their 
antiseptic  value,  and  one  objection  to  their  use  was 
the  fact  that  they  were  irritating.  Dakin  overcame 
this  difficulty  by  experimenting  until  he  determined  the 
strength  of  the  solution  at  which  its  antiseptic  value 
could  be  made  use  of  without  causing  irritation.  One 
difficulty  with  the  preparation  of  this  solution  is  the 
fact  that  chlorinated  lime  obtained  from  different 
sources  varies  in  the  percentage  of  available  chlorine. 
This  necessitates  assaying  the  chlorinated  lime  and 
using  different  quantities  of  sodium  carbonate  and 
bicarbonate  and  requires  titration  in  order  to  determine 
the  percentage  of  hypochlorite  in  the  finished  product. 
If  the  solution  is  alkaline,  it  will  harm  the  tissues.  The 
general  practice,  therefore,  has  been  to  add  phenol- 
phthalein  to  the  solution  before  it  is  used  and,  it  found 
alkaline,  neutralize  the  alkalinity  w  ith  boric  acid.  An- 
other difficulty  is  encountered  here  if  too  much  boric  acid 
is  used.  It  is  claimed  that  the  sodium  borate  formed  is 
also  irritating  to  the  tissues.  Good  results  have  been  re- 
ported by  surgeons  who  have  used  the  concentrated  hy]w- 
chlorite  solution  which  has  been  left  slightly  alkaline,  but 
the  alkalinity  of  which  has  been  exactly  determined,  and 
an  exact  quantity  of  boric  acid  is  furnished  with  the  solu- 
tion to  neutralize  the  alkalinity  before  use. 

In  addition  to  being  a  strong  antiseptic,  Dakin's 
solution  has  the  clinical  advantage  of  being  able  to 
dissolve  pus,  old  blood-clots,  tissue-debris,  etc.  The 
action  of  this  solution  is  based  upon  the  fact  that  w  hen 
hypochlorites  or  hypochlorous  acid  acts  upon  organic 
matter,  of  bacterial  or  other  origin,  some  Nil  groups 
of  proteins  are  converted  into  NCI  groups.  The  prod- 
ucts thus  formed  belong  to  the  group  of  chloramines. 
Dakin  states  that  the  action  of  the  solution  is  due  to 
the  chlorajnines  thus  formed  and  not  to  the  liberation 
of  free  oxygen,  as  supposed  by  many.  If  the  action 
were  due  to  the  liberation  of  free  oxygen,  such  sub- 
stances as  hydrogen  peroxide  should  have  a  higher 
bactericidal  action  than  Dakin's  solution,  whereas  es- 
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REGULAR  MEETING 

At  Witherspoon  Hall,  Wednesday,  January  16,  1918,  8.16  P.M. 

The  address  of  the  craning  will  be  made  by  Mr.  Howard  W.  DuBois,  Member, 
on  "Alaska  from  an  Engineer's  Viewpoint." 

The  paper  will  be  illustrated  with  colored  lantern  slides  and  motion  pictures. 

Members  of  Affiliated  Societies  are  cordially  invited  to  attend. 

Members  of  the  Club  and  Affiliated  Societies  are  privileged  to  invite  ladies. 

The  special  feature  of  the  lecture  will  be  a  series  of  remarkable  motion  pictures,  taken 
especially  for  the  speaker  during  the  past  five  years.  These  depict  scenes  connected  with  the 
building  of  the  new  Government  railroad,  copper  mining,  whaling  industry,  hydraulic  gold 
mining,  the  birth  of  Uel>ergs  at  the  famous  Childs  Glacier,  the  great  tidal  wave  at  the  head  ot 
Cook  Inlet,  hundreds  of  sea-lions  leaping  from  the  rocky  islets  into  the  ocean,  the  terrific 
eruption  of  Mt.  Kutmai.  closc-range  views  of  the  large  moose  and  bear  of  the  Kerat  Peninsula, 
1  rips  by  dog-team,  etc. 


SPECIAL  MEETING 

At  the  Club  House,  Tuesday,  January  29,  1918,  8.15  P.M. 

The  address  of  the  evening  will  be  made  by  Prof.  C.  E.  Lucke,  Civilian  Director  of  the  U.  S.  N.  Gas  Engine 
School,  Columbia  University,  on  "The  Heavy  Oil  Engine." 


PR  ELI  MI  N  ARY  ANNOUNCEM  ENT 

Wednesday,  February  6,  1918,  8. to  P.M.,  at  the  Club  House,  Dr.  R.  S.  MacElwee,  Columbia  University,  will 
present  an  address  on  "  Ports  and  Terminal  Facilities." 

Friday,  February  I  ',,  1918,  8. to  P.M.,  at  Witherspoon  Hall,  Prof.  Douglas  W.  Johnson,  Professor  of  Physi- 
ography, Columbia  University,  will  present  an  address  on  "The  Influence  of  Topography  upon  the  Strategy  of  the 
European  War." 


The  American  Society  Marine  Draftsmen  extends  an  invitation  to  the  members  of  the 
Club  to  attend  their  meeting,  Friday,  January  11,  1918.  Mr.  J.  E.  Freeman  will  present 
an  address  on  "Concrete  Ships."  The  address  will  begin  at  9  P.  M.,  after  a  short 
business  meeting. 
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CALENDAR  OF  REGULAR  MEETINGS 


THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

1918 


I 

1 


DAY  OF  MONTH  AHD  WEEK  NAME  OF  SOCIETY 

First  Monday  American  Society  of  Civil  Engineers 

January  7,  April  1. 

Second  Monday   American  Institute  of  Electrical  Engineers 

January  14,  February  11,  March  11,  April  8,  May  13,  June  10. 

Fourth  Monday  Philadelphia  Safety  Council 

January  15,  February  25,  March  25,  April  22,  May  27,  June  24. 

Second  Tuesday  Engineers'  Club  (Junior  Meeting) 

January  8,  February  12,  March  12,  April  9. 

Third  Tuesday  Engineers'  Club  (except  December,  January  and  February) 

March  19,  April  16,  May  21,  June  18. 

Fourth  Tuesday  American  Society  of  Mechanical  Engineers 

January  22,  February  26,  March  26,  April  23,  May  28,  June  25. 

First  Wednesday  Technology  Club 

January  2,  February  4,  March  6,  April  3,  May  1,  June  5. 

Third  Wednesday         Engineers'  Club  (January) 

January  16. 

First  Thursday  Worcester  Tech  Club 

January  3,  February  7,  March  7,  April  4,  May  2,  June  6. 

Second  Thursday   American  Society  of  Heating  and  Ventilating  Engineers 

January  10,  February  14,  March  14,  April  11,  May  9,  June  13. 

Fourth  Thursday  Society  of  Automotive  Engineers 

January  24,  February  28,  March  28,  April  25,  May  23.  June  27. 

Third  Friday  Engineers'  Club  (February) 

February  15. 

Third  Friday  Illuminating  Engineering  Society 

January  18,  February  15,  March  15,  April  19,  May  17,  June  21. 

Engineers'  Club  Meetings  at  Witherspoon  Hall  will  be  as  follows : 

Wednesday,  January  16,  Engineers'  Club  Meeting. 
Friday,  February  15,  Engineers'  Club  Meeting. 

Members  of  all  Affiliated  Societies  are  invited  to  these  meetings. 
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SCHEDULE  OF  MEETINGS 

THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

JANUARY,  1918 


Wednesday,  January  2,  1918 


Thursday,      January  3,  1918 


Monday, 
Tuesday, 


January  7,1918 
January  8,1918 


Thursday,     January  10, 1918 


Thursday.     January  10, 1918 


14, 1918 


Tuesday, 


January  15, 1918 
16, 1918 


Tuesday,       January  22, 1918 


Thursday, 
Tuesday, 


January  24,  1918 
January  29, 1918 


Technology-  Club  of  Philadelphia 
Discussion  of  plans  for  reunion 

of  the  Technology  Clubs  Associated 

Worcester  Tech  Club 
Address:  "New  York  Catskill  Mountain 
Water  Supply" 
Mr.  Alfred  D.  Flinn 

American  Society  of  Civil  Engineers 
Annual  Meeting 

Junior  Meeting 

Dinner— Addresses  by  J.  A.  Vogleson  and 

American  Society  of  Heating  and  Ventilating 

Engineers 
Subject :  ' '  The  Modern  Dairy ' ' 
Wm.  H. 1 


Club       8.15  p.m. 


Engineers'  Club      8.15  p.m. 


Engineers'  Club 
Engineers'  Club 


8.15  p.m. 


7.00  I'.M. 


Club       8.15  p.m. 


Illuminating  Engineering  Society 
Joint  meeting  with  The  Franklin  Institute 
Subject:  "The  Physics  of  the  Welsbach  Mantle" 
Dr.  Ives 

American  Institute  of  Electrical  Engineers 
Subject:  "Specifications  Covering  the  Construction 
at  Crossings  of  Overhead  Lines  of  Public  Utilities" 

Paul  Spencer 

G.  E.  Wendle 


Franklin  Institute     8.00  P.M. 


Club       8.15  p.m. 


Philadelphia  Safety  Council 
Annual  Meeting  of  Local  Section 

Regular  Meeting  Engineers'  Club 
Address:  "Alaska  from  an  Engineer's  Viewpoint" 
Mr.  Howard  W.  Du  Bois 

American  Society  of  Mechanical  Engineers 
"Our  Navy  and  the  War" 
Prof.  William  L.  Cathcart,  U.S.N.  (Retired) 

Society  of  Automotive  Engineers 

Address:  "Upholstery  as  Affecting  Easy  Riding" 

Special  Meeting  Engineers'  Club 
Address:  "The  Heavy  Oil  Engine" 
Prof.  C.  E.  Lucke 


Engineers'  Club 


Hall 


8.15  p.m. 
8.15  p.m. 


Engineers'  Club       8.15  p.m. 


Engineers'  Club 
Engineers'  Club 


8.15  p.m. 


8.15  p.m. 
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SECRETARY'S  NOTICES 


1 

I 
i 

I 


A  business  meeting  of  the  Club  will  be  held  Wednesday  evening.  January  16,  1918, 
at  8.15  o'clock,  at  Withcrspoon  Hall.  The  report  of  the  Tellers  on  the  vote  on  amendment  to 
the  Py-Laws,  Article  VII,  Section  9  (new)  will  be  announced. 

H.  A.  Stockly,  Secretary. 

The  Committee  on  Nominations  will  be  glad  to  receive,  prior  to  February  1,  1918,  sug- 
gestions from  members  of  the  Club  in  connect  ion  with  the  election  of  officers  for  the 
coming  year. 


ABSTRACT  OF  MIXITES 
OF  THE  JOINT  MEETING  OF  THE  ENGINEERS' 
CLUB  AND  THE  MANUFACTURERS'  CLUB 

HELD  MONDAY  EVENING,  DECEMBER  It,  1917 

The  meeting  was  called  to  order  at  9  r.M  by  Mr. 
Alexander  Lawrence,  of  the  Manufacturers'  Club,  at  its 
Club-house.  About  500  members  and  guests  of  both 
clubs,  including  many  officers  and  men  in  uniform,  were 
in  attendance. 

Mr.  Joseph  A.  Steinmetz  introduced  the  speaker. 
Captain  \V.  Strotber  Smith,  U.S.N.,  who  delivered  an 
address  entitled  "  Inventions  Relative  to  War  Material." 

A  unanimous  vote  of  thanks  was  extended  to  the 
speaker. 

The  meeting  adjourned  at  10.15  p.xc. 


ABSTRACT  OF  MINUTES 
OF  THE  BUSINESS  MEETING  OF  THE  CLUB 

HELD  WEDNESDAY  EVENING,  DECEMBER  19,  1917 

The  meeting  was  called  to  order  at  8.15  r  \f  at  Wither- 
spoon  Hall.  About  1000  members  and  guests  were 
present. 

The  minutes  of  the  Special  Meeting  of  November 
9  and  the  Business  Meeting  of  November  20,  as  printed 
in  The  Journal,  were  approved. 

It  was  announced  that  the  Board  of  Directors,  at 
its  last  meeting,  elected  the  following  to  membership : 
Active,  12;  Junior,  36. 

The  proposed  amendment  to  the  By-Laws,  as  sub- 
mitted to  the  membership  at  the  December  11  meeting, 
was  approved  without  change  and  ordered  for  letter 
ballot,  in  accordance  with  the  provisions  of  Article 
XII  of  the  By-Laws. 

Mr.  G.  Douglas  Wardrop.  editor.  Aerial  Age  Weekly, 
delivered  a  lecture,  entitled  "The  War  in  the  Air," 
illustrated  with  motion  pictures  and  slides. 


A  unanimous  vote  of  thanks  was  extended  to  Mr. 
Wardrop. 

The  meeting  adjourned  at  10  i\M. 

ABSTRACTS  OF  MINUTES 
OF  REGULAR  MEETING  OF  THE  BOARD 
OF  DIRECTORS 

DECEMBER  II.  1917 

The  meeting  was  called  to  order  at  7.15  r.M.,  with 
President  Yoglcson,  Vice-President  Varnall,  Directors 
I'ernald.  Henderson,  J.  C.  Wagner,  Kenney,  Moody, 
S.  T.  Wagner,  Forstall.  Bullens,  Past  Presidents  Swaab 
and  Ledoux.  Treasurer  Stevens  and  Secretary  Stockly 
in  attendance.  Mr.  Clayton  W.  Pike,  chairman  of  the 
Committee  on  Increase  of  Membership,  was  also  pres- 
ent, at  the  Hoard's  invitation.  Vice-President  Andrews. 
Director  George  W.  Barr,  and  Past  President  Carter 
were  excused.  Vice-President  Eglin,  Directors  Hay- 
ward.  Ehle,  and  Robert  M.  Barr  were  absent. 

The  minutes  of  the  Regular  Meeting  of  the  Board 
of  November  13  and  the  Special  Meeting  of  November 
27.  as  submitted  to  the  Hoard,  were  approved. 

REPORT  OF  THE  SECRETARY 

Resignations  from  the  following  members  in  good 
standing  were  presented  and  accepted  as  of  March  31, 
1918: 


Murray  H.  Conrtright 
H.  H.  Demwert 
A.  C.  Fisler 
W.  H.  Ludwick 
J.  T.  Swart* 


Frank  P.  McKibben 
GeorRe  J.  Ray 
Trwin  T.  Reittr 
J.  C.  Rock 
Oscar  C.  Schmidt 


The  following  deaths  were  announced: 

A.  Theodore  Brucgcl  (Active  Member).  November  8,  1917. 
Walter  l.loyd  Mason  (Active  Member),  November  15,  1917. 

It  was  decided  that,  in  place  of  the  Annual  Banquet, 
this  year,  a  housewarming  smoker  and  dinner  be  held, 
to  be  arranged  by  the  Committee  on  House. 
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Mr.  U.  A.  Ilegarty,  who  resigne  d  as  an  Active  mem- 
ber in  good  standing  as  of  December  M,  1915,  was 
reinstated  on  payment  of  dues  which  have  accrued 
since  his  resignation, 

Mr.  L.  Davis  Draper  was  dropped  from  the  rolls 
for  non-payment  of  dues. 

The  Philadelphia  Safety  Council,  local  branch  of 
the  National  Safety  Council,  has  been  elected  to  affilia- 
tion with  the  Club,  in  accordance  with  affirmative  vote 
of  the  Hoard,  taken  by  letter  ballot. 

REPORT  OF  THE  TREASURER 

The  report  of  the  auditors  as  of  October  SI,  1917, 
and  the  financial  report  for  the  month  ending  November 
30,  1917,  were  presented  and  accepted. 

REPORT  OF  THE  COMMITTEE  OH  HOUSE 

The  Committee's  report,  announcing  that  "  Open 
House  "  would  be  held,  as  usual,  on  New  Year's  Day, 
was  presented  and  accepted. 

REPORT  OF  THE  COMMITTEE  ON  MEMBERSHIP 

On  the  recommendation  of  the  Committee,  the  fol- 
lowing applicants  were  elected: 


To  Active  Membership: 

Craij;  Adair 
Joseph  H,  Amirs 
Claude  A.  Rulkelcy 
Arthur  Claasscn,  Jr. 
Arthur  C.  Freeman 
Frank  Huckel,  Jr. 

To  Junior  Membership: 

Arthur  A.  Ulue. 
Frank  F.  Ilnettcher 
Ralph  Wherry  Bye 
George  A.  Ctinney 
Henry  W.  S.  Deemer 
Quintin  F.  Dickinson 
James  M.  Doyle 


Fugcne  T.  Hunt 
Harry  V  Kaupp 
Albert  F.  Xoble 
Victor  N.  Wclanib 
Frederick  J.  Wilkes 
Richard  I  .  Williams 


Vernon  Rea  Dtinlap 
Harold  M.  Foster 
Alexander  Frank 
David  M.  Giltinan 
Henry  F.  Goldsmith 
Maurice  Golovc 
Ixmis  I.eRoy  Hcpbur 


Richard  P.  Horner 
Jacoh  R.  Hnxworth 
George  n.  Hutchinson 
James  A.  Jensen 
James  K.  Me  Camhridge 
Deacon  T  MeCaulley 
Jerome  S.  Marcus 
Allison  W.  Mills 
Edward  Paul  N'oppel 
Louis  A.  J.  Rahinowiu 
William     Rommel,  3rd 


Samuel  I..  Schwartz 
Meyer  H  Silverman 
Stanley  W.  Smith 
Edgar  K.  Spring 
Rcnjamin  Stamhler 
George  llrucc  Staples 
William  A.  Suigcr 
Jacob  W.  Stirzel 
1  .c»  is  J.  I)  Truliall 
Jacob  A.  Wilson 
Louis  A.  Young 


REPORT  OF  THE  COMMITTEE  OK  PUBLICATION 

A  financial  rc|M.>rt  of  the  Committee,  showing  an  uncx- 
pended  balance  in  its  appropriation  <>f  SI 206.86,  was 
presented  ami  accepted. 

REPORTS  OF  SPECIAL  COMMITTEES 


The  Committee  presented  a  report,  with  the  following 
recommendations,  which  the  Hoard  approved: 

That  a  special  committee  be  appointed  to  formulate, 
in  connection  with  and  in  consultation  with  the  local  Fuel 
Administrator,  some  simple  rules  for  eliminating  the 
wastage  of  fuel  and  water.  The  Committee  further 
recommends  that  these  rules,  when  formulated,  be  pub- 
lished in  Thk  Joi-rxai.,  ami,  if  possible,  in  the  daily 
newspapers. 

The  Committee  suggested  that,  thru  the  local  Fuel 
Administration,  the  community  be  advised  that,  upon 
request,  free  services  for  cursory  examinations  would 
be  furnished  wherever  |H»ssible  by  the  engineers  of 
our  Club. 

The  Hoard  referred  the  matter  to  the  special  commit- 
tee to  be  appointed  on  this  subject,  with  the  further 
reference  that  the  matter  has  been  treated  in  the  De- 
cember isstte  of  the  Journal  of  the  American  Society  of 
Mechanical  F.mjineers,  and  stating  that  it  was  the  ex- 
pression of  the  Hoard  that  it  should  be  ascertained 
whether  there  will  be  men  available  for  this  service 
before  a  definite  offer  is  made. 

The  meeting  adjourned  at  9  p.m. 

H.  A.  Stockly, 
Secretary. 


POSITION  WANTED 

Mechanical  engineer,  not  liable  to  present  conscription,  de- 
sires position  as  engineer  or  assistant  to  manager.  Twenty 
years'  experience,  familiar  with  present  shop  methods  and  pro- 
ductions, experienced  designer  capable  of  developing  new  lines. 
Not  afraid  of  responsibility.    Apply  Kngineers'  Club,  No.  180. 


POSITION  OPEN 

Mechanical  engineer  and  draftsman,  experienced  in  boiler 
work.    Apply  Engineers'  Club,  No.  181- A. 

Wanted.— A  young  man.  technical  graduate,  with  four  or  five 
years"  factory  experience,  for  position  of  assistant  engineer. 
Good  opportunity  for  advancement.  Apply  Engineers"  Club, 
No.  18J-A. 
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COMMITTEE  ON  MEMBERSHIP 

D.  ROBERT  YARNALL,  Chairman 


CANDIDATES  FOR 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  January  7  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club,  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

PHILIP  R.  S.  HANGER 

1231  West  Silver  Street,  Philadelphia,  Pa. 

Assistant  Sales  Manager,  C  J.  Hcppc  *  Son.  Sixth  and  Thomp- 
son Streets,  Philadelphia,  Pa. 

Proposed  by  Oswald  M.  Million  and  J.  Reesf  Bailey. 

STEWART  ALEXANDER  JELLETT,  JR. 

1718  Real  Estate  Trust  Budding,  Philadelphia.  Pa. 
Vice-President,  Stewart  A.  Jellctt  Company. 
Proposed  by  Stewart  A  Jcllctl,  M  M.  Price,  and  II.  P.  Cant. 

CARL  M.  KIM  BELL 

140  Korth  Fifteenth  Street.  Philadelphia.  Pa. 
Engineer  Inspector,  The  Philadelphia  Klectric  Company. 
Proposed  by  Harold  Goodwin,  Jr  ,  and  H.  Carl  Albrecht. 

ROBERT  C.  MORGAN 

1718  Real  Estate  Trust  Building,  Philadelphia,  Ta. 
Chief  Engineer,  Stewart  A.  Jellett  Company. 
Proposed  by  Stewart  A.  Jellett.  M  M.  Price,  and  H.  P.  Gant. 

JAMES  A.  NELSON 

The  Margrave,  Twentieth  and  Chestnut  Streets, 
Philadelphia,  Pa. 

Assistant    to    Manager,    Machinery    Fabrication  Department, 
American  International  Shipbuilding  Corporation. 

Proposed  by  H.  I,.  McMillan  and  George  E.  I-awrcnce. 

ROBERT  CARL  RABM 

1125  Belmont  Avenue,  Wyomissing,  Pa. 
Chief  Engineer,  Textile  Machine  Works. 
Proposed  by  George  F.  Ott  and  James  A.  Branegan. 

VICTOR  JAMISON  ROBERTS 

110  Hardenbrook  Avenue,  Jamaica,  X.  Y. 
Transitman.  New  York  Connecting  Railroad  Company. 
Proposed  by  C.  Raymond  Larkin  and  John  E.  Rowland. 


FELIX  JOSEPH  WASILXOWSKI 

3489  Jas|*r  Street,  Philadelphia,  Pa. 
Mechanical  Engineer,  E>avid  I.upton's  Sons  Company. 
Proposed  by  Ji.<ah  Hrogdcn  and  John  N.  Tiiornton. 

FOR  ELECTION  TO  JI  NTOR  MEMBERSHIP 

ROBERT  CLEELARD 

5020  Race  Street,  Philadelphia,  Pa. 
Sales  Engineer.  Perkins  &  Co. 

Proposed  by  \V.  M,  Bochm  and  Lewis  H.  Kenncy. 

AUGUST  H.  HEINE 

1314  Spruce  Street.  Philadelphia.  Pa. 
Engineering  Assistant.  Hell  Telephone  Company  of  Pennsylvania 
Proposed  by  W.  M.  Bochm  and  Lewis  II.  Kenney. 

HARMAN  MARTIN  MOLONY 

2427  North  Eifty-fotirth  Street,  Philadelphia,  Pa. 

Ei  gineering  Assistant  in  Outiide  Plant  Department,  Bell  Tele- 
phone Company. 

Proposed  by  \V.  M.  Bochm  and  L.  11.  Kenney. 

ROBERT  LIN  WOOD  SATTBR  WHITE,  JR. 

4107  Walnut  Street,  Philadelphia,  Pa. 
American  International  Shipping  Corporation. 
Proposed  by  W.  M.  Bochm  and  Lewis  H.  Kenney. 

0I0RGE  GORDON  URQUHART 

4217  Pine  Street,  Philadelphia,  Pa. 

Foreman,  Dehcnzolixing  Plant,  U.  G.  I.  Company,  Thirty-first 
Street  and  Passyunk  Avenue,  Philadelphia.  Pa. 

Proposed  by  W.  M.  Bochm  and  Lewis  II.  Kenney. 

RATMOND  WEST  WILKINSON 

2830  North  Marshall  Street.  Philadelphia,  Pa. 
Engineer's  Assistant  in  Outside  Plant,  Bell  Telephone  Company. 
Proposed  by  W.  M.  Bochm  and  I..  H.  Kenney. 
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JUNIOR  SECTION 

Dr.  Wm.  IioEiiu.  Oi  iirnun  Ex-Officio  II.  I.  Golusteis,  Chairman 
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THK  regular  monthly  meeting  of  the  Junior  Section 
was  held  Tuesday  evening,  DecetnU'r  11,  1917, 
Chairman  II.  I.  Cold-tehi  presiding.    Ahout  forty 
members  and  guests  were  present. 

The  various  committees  presented  short  vertial  re|M>rts  : 

Fur  the  Committee  on  Papers.  Chairman  Kline  re- 
ported that  Mr.  \Y.  \\  .  Pickles  will  present  a  paper  at  the 
February  meeting  on  "  Health  F.ngineering." 

Attention  was  called  to  the  annual  competition  lor  the 
Junior  Prize,  offered  by  the  Club.  Those  interested  are 
referred  to  the  August  Proci iklhnc.s.  page  380.  for  further 
information  regarding  the  competition. 

For  the  Committee  on  Meetings.  Chairman  de  Macedo 
described  the  work  started  to  keep  accurate  records  of 
attendance  by  means  of  card-index  and  "  tagging  "  system. 
In  order  still  further  to  increase  the  attendance,  a  change 
of  the  meeting  night  had  been  suggested,  but  Mr.  dc 
Macedo  reports  that  on  consultation  with  the  secretary 
of  the  Club,  this  was  found  impossible.  The  Committee 
w  ill  keep  this  point  in  mind  when  the  1918-1919  program 
is  up  for  consideration. 

For  the  Committee  on  Membership,  Chairman  Cold- 
smith  reported  that  applications  for  Junior  Membership 
were  still  being  received  and  would  probably  be  acted  upon 
in  January 

For  the  Club  and  Public  Relations  Committee,  Chair- 
man Codsho  requested  the  chairmen  of  the  various  Junior 
committees  to  have  rc|»orts  in  the  hands  of  the  secretary 
at  least  by  the  night  of  the  regular  monthly  meeting,  as  it 
is  necessary  to  complete  the  copy  for  the  Jot'RN.M-  by  the 
15th  of  each  month.  This  committee  is  at  all  times  glad 
to  receive  communications  from  any  Junior  on  matters  of 
interest  to  the  Club. 

Chairman  Pickles,  of  the  Committee  on  Entertain- 
ment, announced  that  arrangements  for  the  second  annual 
dinner  of  the  Junior  Section,  on  the  8th  of  January,  were 
well  under  way,  and  a  really  enjoyable  and  worth-while 
evening's  entertainment  may  \m  expected.  Xo  Junior 
member  should  fail  to  be  present.  The  program  will  l»e 
made  up  of  several  addresses  by  Senior  members,  greet- 
ings from  Juniors  in  the  national  service,  and  numbers 


touching  upon  the  lighter  side  will  have  prominent  place. 
Details  are  not  at  present  available,  but  will  be  sent  out 
together  with  the  invitations. 

Attention  was  also  called  to  the  fact  that  nineteen  of 
their  fellow  members  were  in  the  service.  1  le  suggested 
that  the  Juniors,  as  a  body,  send  each  of  these  men  a 
C  hristinas  token  in  the  form  of  ;' smokes,"  accompanied 
by  a  formal  letter  conveying  the  Christmas  and  New 
Year's  greetings  of  the  Section.  A  formal  motion  asking 
for  contributions  from  those  present  was  carried,  and  a 
sufficient  sum  was  realized  to  carry  out  the  plan  proposed. 

After  the  conclusion  of  business,  Mr.  L.  M.  Cold- 
smith  read  a  paper  on  "  The  Measurement  of  the  Flow  of 
Liquids  and  Cases  in  Pipes."  The  paper  was  illustrated 
and  later  discussed  by  Messrs.  Pittel,  Kline,  Kennedy, 
and  Spit/glass. 

At  the  conclusion  of  the  discussion  Dr.  \Y.  M.  P.oehni, 
on  the  behalf  of  the  Club,  lauded  the  good  work  of  the  old 
Junior  Committee  in  the  recent  membership  campaign,  and 
as  a  token  of  appreciation  he  presented  each  member  of 
this  committee  with  a  Club  pin.  Mr.  Codsho  then  ex- 
pressed the  thanks  of  the  Committee  for  the  honor  con- 
ferred, and  in  return  presented  Doctor  Cochin  with  a  Club 
pin  on  the  part  of  the  Executive  Committee  as  an  appre- 
ciation of  his  interest  in  all  matters  pertaining  to  the 
Junior  Section. 

The  meeting  adjourned  at  10.20  i\m. 

Standing  committee  assignments  were  announced  as 
follows : 

hxecutive  Committee.— \\.  I.  Goldstein,  chairman:  A.  U. 
Bishop,  secretary;  A.  P.  Godsho,  L  M.  Goldsmith,  W.  /..  Kline. 
A.  dc  Macedo,  \V.  W.  Pickles. 

Club  and  I'ttblic  Relations— .\.  P.  Godsho,  chairman ;  M. 
G.  Bittcl,  J.  A.  Jcnien. 

I'afers.—W.  Z.  Kline,  chairman;  E.  M.  Brcdin,  M.  M.  Kcn- 
iit'dy,  I..  Zoole. 

Meetings—  A.  de  -Macedo,  chairman;  H.  B.  Floyd,  R.  W. 
Ilendee. 

Membership.  -L.  M.  Goldsmith,  chairman;  A.  dc  Macedo, 
II.  K  Goldsmith. 

hnlertainmtnt  —  W.  VV.  Pickles,  chairman:  R.  M,  Bredin. 
J  S  Marcus. 
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MEMBERS  OF  ENGINEERS*  CLUB  WHO  HAVE  BEEN  CALLED  INTO  SERVICE 
IN  THE  ARMY  OR  NAVY  OF  THE  UNITED  STATES  AS  OF  DECEMBER  20,  1917 

NAME  RANK  COUPS  LOCATION 

Aldricii.  J.  T  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Aliex.  J.  O  Co.  12  Infantry,  Reserve  Officers'  Training  Camp   Port  Oglethorpe,  Chattanooga.  Term. 

Anders,  D.  W.    Captain   Company  D,  502nd  Engineers  Overseas  Service 

Andrews,  J.  H.  M.   Major   103rd  Engineers  Washington,  D.  C. 

Asplindtu,  E.  T  Captain   103rd  Engineers     ...  Camp  Hancock,  Augusta,  Ga. 

Atterriry,  W.  W.  ...  Brigadier-General   Director-General  of  Railways     France 

Darker,  E.  W..  Jr  Truck  4-304  Ammunition  Train  ..  Camp  Meade,  Admiral,  Md. 

Baie».  A.  J.   Lieutenant  -  11 1th  Infantry  Oimp  Hancock,  Augusta,  Ga. 

Bear.  H.  K  Private  ...Gus  Defense  Sen-ice  _  Washington,  D.  C. 

Bell.  Frank  F   .  1st  Lieutenant  Signal  Corps,  Aviation  Station  Geretner  Fie  Id,  Lake  Charles.  Louisiana 

BlEMtu.  W.  H  .  Jr  Corporal.  103rd  Engineers  ....     Camp  Hancock.  Augusta,  Ga. 

Bon*.  H.  C.   Colonel  . .  In  Charge  of  Construction  of  Railroads.  Whar\-es.  etc   France 

Borrfsen,  W.  Y   .   315lh  Infantry   Camp  Meade.  Admiral,  Md. 

Boyd,  F.  F.   1st  Lieutenant   U.  S.  Naval  Reserve    U.  S.  S.  "Jupiter" 

Bovd.  G.   1st  Sergeant   Overseas  Repair  Section  No.  1    Gas  Defense  Service,  Medical  Corps 

Bradford,  J.  S.   Captain    103rd  Engineers   Camp  Hancock.  Augusta,  Ga. 

Bka.ssomk.  E.  D      Mass.  Inst.  Technology  Aviation  Ouni.     Boston,  Mass. 

Bream,  C.  C.   Corporal    103rd  Engineers    Cuinp  Hancock,  Augusta,  Ga. 

Brfen,  J.  W   Captain     23rd  Engineers   Camp  Meade.  Admiral,  Md. 

Btisrox,  J.  W    Lieutenant  Quartermaster  Omars'  Reserve  Depot  Quartermaster.  Baltimore,  Md. 

Broadhead,  Alex  19th  Reserve  Engineers  American  Expeditionary  Forces,  France 

Broderick.  D.  P.  Major   Ordnance  Officers'  Reserve  Corps  Rock  Island  Arsenal.  Rockland,  111. 

Brown,  P.  D    19th  Reserve  Engineers   .         American  Expeditionary  Forces,  France 

Brown.  R.  V  Lieutenant  Q.  M.  C,  304  Di\-isional  Trains  Camp  Meade,  Admiral.  Md. 

Brown,  W.  L.   Lieutenant  Winchester  Repeating  Arms  Co    New  Haven,  Conn. 

Bryant,  C.  M.      Naval  Coast  Defense  .    Philadelphia  Navy  Yard 

Bitler,  E.  N  ..2nd  Lieutenant  103rd  Engineers    Camp  Hancock.  Augusta,  Ga. 

CaccavaJO.  Jos  Major  Engineer  Officers'  Reserve  Corps   France 

C-vhti.l,  E.  H.  .  .  .......         Carriage  Division,  H.  A.  Section  .   Washington,  D.  C. 

Carney.  R.  E   |  ^  f^",^'  }   Pearl  Harlx>r  Naval  Station      Hawaii 

Chuds,  H  P    -  -7th  Infantry.  Reserve  Officers'  Training  Camp  Ft.  Myer.  Va. 

Colcan.  R.  J  Captain   American  Expeditionary  Force*   Care  of  Adjutant-Gen'l,  Washington,  D.  C. 

Crampton,  G.  S   Major  Director  of  Field  Hospitals,  28th  Div   Camp  Hancock.  Augusta.  Ga. 

Crowther,  E.  C      -      - -.Corporal ..  ...  Jefferson  Hospital  Unit  

Ccuinos,  C.  A  Captain  Quartermaster  Officers'  Reserve   Ft.  Sam  Houston,  Texas 

C(  >ter,  E.  A.   Major   .  .  Ordnance  Officers'  Reserve  Corps     Albemarle  BIdg..  New  York 

Ct  iLER,  Jambs  B  Rcs-.-rve  Officers'  Training  Camp    Fort  Oglethorpe,  Chattanooga,  Tenn. 

Dill,  CM   Company  K,  319th  Infantry  Camp  Lee.  Petersburg,  Va. 

Donnelly,  J.  B.   1st  Lieutenant    .  -   103rd  Engineers   Camp  Hancock,  Augusta,  Ga. 

Doyle,  T.  H.  . .    .2nd  Lieutenant  Quartermaster  Officers'  Reserve  Camp  Meade,  Md. 

Dunn.  M.  L  Ensign   Reserve  Officers' Quarters  U.  S.  Naval  Academy,  Annapolis,  Md. 

Dyson.  C.  W  Captain  Bureau  of  Steam  Engineering,  U.  S.  N  -  -  Washington,  D.  C. 

Eckhahdt.  J.  Corporal   10th  Regiment.  3rd  Training  Battalion   Camp  Meade,  Md. 

Elcock,  Chas   1st  Lieutenant  103rd  Engineers    .  Camp  Hancock,  Augusta.  Ga. 

Kvfrf.tt.  St.  John  1st  Lieutenant  Coast  Artillery  Reserve  Corps    Fort  du  Pont,  Delaware 
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Fark,  Roy  S   .2nd  Lieutenant  301st  Engineers'  Truin_  Camp  IXvens,  Aycr.  Mass. 

Facst,  W.  D    103rd  Engineers  Camp  Hancock.  Augusta,  Ga. 

Festos,  Powell    Aviation  Corps     France 

Fulwbiler,  J.  E  Lieutenant  .  Naval  Coast  Defense   Philadelphia  Navy  Yard 

Gailing,  H.  W.,  Jr  Private  Marine  Corps  (Aviation)  Philadelphia  Navy  Yard 

Gardiner,  F.  M  Lieutenant .   L*.  S.  Naval  Reserve  Corps  Naval  Training  Baso,  Cape  May,  N.  J- 

Gabforth,  Ezra   2nd  Lieutenant  23rd  Regiment,  Highway  Engineers  Washington,  D.  C. 

Gaum,  CarlG  1st  Lieutenant  23rd  Regiment,  Highway  Engineers  Washington,  D.  C. 

Gautiiibr.  Jordan  2nd  Lieutenant  Provisional  Searchlight  Detachment    Washington,  D.  C. 

Gest,  J.  B.,  2nd  2nd  Lieutenant  Engineer  Oil  -crs"  Reserve  Corps  American  University.  Washington.  D.  C. 

Getl.  Ralph  P    19th  Reserve  Engineers    American  Expeditionary  Forces.  France 

Gillan,  W.  H..  Jr  1st- Lieutenant   Ordnance  Officers'  Reserve  Corps    Washington.  D.  C. 

Gii.fin,  F.  H.  .  Inspector  of  Ordnance .  _ .  Research  Laboratory,  Picatinny  Arsenal  .  .  .  .    -  - .  Dover,  N.  J. 

Gracky.  A.  L.   Private  Ordnance  Officers"  Reserve    Watcrvliet  Arsenal 

Gravell.  W.  H  Captain   30Sth  Engineer  Regiment  .     Camp  Lee.  Peters! >urg,  Va. 

Gribrkl,  W.  G   Captain  30th  Engineers      Overseas  Service 

Griffin.  R.  S.  Rear  Admiral  .  Eng.  id  Clief,  U.  S.  N.  Bur.  of  Steam  Engineering   Washington,  D.  C. 

G william, Mark R.  M.  ...  1st  Lieutenant   21st  U.  S.  Infantry  San  Diego.  California 

H  v,i.,  W,  A.          .  .   Lieutenant   Nival  Coast  Defense    Philadelphia  Navy  Yard 

Hamilton,  II.  A  1st  Lieutenant  Engineer  Officers'  Reserve  Corps    

Harding.  R.  I   1st  Lieutenant       .  103rd  Engineers   ...     Camp  Sevier.  Greenville  S.  C. 

Habrowkr.  R.  A     A-niricaa  Red  Cross  Ambulance  Corps        France 

HvriiAWW.  H.  K   Ciptain    .    Ordnance  Officers'  Reserve  Corps     .Washington.  D.  C. 

Haydoi  k,  R<x.f.r        

Henry.  J.  C     Headquarters  IX-p't  19th  Reserve  Engineers  American  Expeditionary  Forces.  France 

Hetiierington,  S.  C.   Lieutenant  ...  ,  315th  Infantry    Camp  Meade.  Admiral,  Md. 

I  lit  KEY.  V   Second  Lieutenant    Infantry     CluirloMc,  Ga. 

HollenualK,  E.  E   Major    109th  Infantry  Camp  Hancock.  Augusta.  Ga. 

Hollister,  C.  J  Division  Headquarters    Camp  HaiiMck,  Augusta,  Ga. 

Hoi-wen,  W.  J'   Section  Headquarters,  Uniteil  States  Navy   Lewes.  IXlaware 

Hulme.  Nurmvn  Lieutenant  0>.  4.  Engineer  Officers'  Training  Camp   Fort  Leavenworth,  Kansas 

Jones,  Jonathan  ..   Captain  .  ..  23M  Regiment  Engineers         . .  .      '.  Camp  Meade,  Md. 

Kennedv,  J.  H   Aviation  Section  .  Signal  Corps   .American  Expeditionary  Forces.  France 

Kbrn,  F.  X.  Lieutenant  23rd  Regiment  Engineer*   ...    Camp  Meade.  Md. 

Knbass.  K  Ensign   U.  S.  Naval  Academy  Annapolis.  Md. 

Knight,  C.  C.  Jr  Lieutenant   81st  Division,  Field  Artillery   Camp  Jackson.  S.  C. 

Knowles,  Morris    4th  National  Army  Division  Cantonment    ..    Admiral,  Md. 

Kbaus,  P.  T  Sergeant     .        .   {  C°' "  ^^"i^^^t^0"  I \merican  Expeditionary  Forces,  France 

Lawrence,  G.  E.   .Lieutenant  J.  G  Naval  Coast  Defense    Philadelphia  Navy  Yard 

Lawson,  T.  W.  1st  Lieutenant   109th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Lea,  E.  S.  Major  Artillery  Ammunition  Division     Fr.mkford  Arsenal 

Levin,  J.  2nd  Officers'  Training  Camp  Fortress  Monroe,  Va. 

Lewis.  J.  ('.   ..      ...   Engineer  Officers'  Reserve  Corps  France 

LlDWlCK,  W.  II    United  States  Coast  Guard  ..      .  ----  Avon-by-tlic-Sca.  New  Jersey 

Lynch,  N.  L.  ...  Engineer  Officers'  Reserve  Corps. .  ...  .  .Washington  Barracks.  Washington.  D.  C, 

Magee.J.  \V.  .   2nd  Lieutenant  30ot!>  Engineers'  Corps   Camp  Lee.  Petersburg.  Va. 

Maltby,  F.  B.  Major  Engineer  Officers'  Reserve  Corps.          -    Army  Building,  New  York 

Mablrry,  W.  G..  Jr  6th  Battery,  Officers'  Reserve  Training  Camp          .  Chattanooga.  Tcnn. 

McCAfst.ANU,  J.  R.     . .  Master  Engineer  .  .   446th  Engineers,  Depot  Detachment   .    Camp  I>evcns.  Aver,  Mass. 

McClin  tuck,  J.  L.    U.S.  Navy  Radio  Service    Parkway  Bldg.  pro  (em. 

McCobd,  J.  B  Captain   Ordnance  Officers'  Reserve   War  Department.  Washington,  D.  C. 

McCoy,  J.  F     Aviation  Section,  Signal  Corps  ..Princeton,  N.  J. 

McGarrigle.  J.J  2nl  Officers'  Training  Camp    Fortress  Monroe,  Va. 

McMillan,  II.  I   .  Captain    Engineer  Officers'  Reserve  Corps  _   ....  Camp  Dix.  Wrightstown,  N.J, 

Mill\r.  E.  A.,  Jr.  -  1st  Lieutenant   Ordnance  Officers'  Reserve   .Camp  Hancock.  Augusta.  Ga. 

Moody,  Wu.  M.   .Reserve  Officers'  Training  Camp   l"nrt  Oglethorpe,  Chattanooga,  Tenn. 

Moon,  T.  E.    Private    .   Ordnance  Department    .    .  .  Augusta  Arsenal,  Augusta,  Ga. 

Moran,  J.  B.  1st  Lieutenant  ..  Ordnance  Officers'  Reserve  Corps    Washington,  D.  C. 
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Myers,  W.  C  Captain  Ordnance  Officers'  Reserve  Washington,  D.  C. 

Mtbrs,  W.  T   2nd  Lieutenant..   16th  U.  S.  Cavalry  ...     Mercedes,  Texas 

Nbwlin,  E.  M  .  Captain  312  Machine  Gun  Battalion  Camp  Meade.  Admiral,  Md. 

Kewlin,  J.  C  Major  Engineer  Officers'  Reserve  Corps  ....  Amcr.  Embassy,  London,  care  of  Vice-Admiral  Sims 

Nixox-Millbr,  M  ...Captain  Company  "H,"  501st  Engineers    ..Camp  Mcrritt,  N.  J. 

Xoyes,  S.  H  1st  Lieutenant    1st  Aero  Squadron   Columbus,  N.  M, 

Oases,  J.  C  Colonel   113th  Engineers    Camp  Shelby,  Haltiesburg,  Miss. 

Otwell,  Curtis  W  Colonel  104th  Engineers  Camp  McClellan.  Anniston,  Ala. 

Perry,  Edward   Quartermaster  Officers*  Reserve   Camp  Lee.  Petersburg,  Va. 

Peterman,  J.  M   Private     Camp  Meade,  Admiral,  Md. 

Peters.  E.  T   Yeoman  U.  S.  Navy    Philadelphia  Navy  Yard 

Pfeffer,  II.  W  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Bethlehem,  Pa. 

Pricuett.  P.  B   First  Troop.  Phila.  City  Cavalry  . .   Camp  Hancock,  Augusta.  Oa. 

Peon,  M  R  Major  21st  Engineers   Cimp  Grant,  Rockforri.  Illinois 

Rawcliffe,  J.  F.  U  Lieutenant   Field  Artillery     ..  ...   Houston.  Texas 

Reed.  R.  W    Private   19th  Reserve  Engineers  American  Expeditionary  Forces,  France 

Reed,  Thomas   Captain    Ordnance  Officers' Reserve  Corps    Rock  Island,  Illinois 

Remnger,  H.  A  {  u!nt?A.G.Dept"  }  SJrd  Depot  Brigade  Cimp  Hancock,  Augusta,  Ga. 

Riik.k.  R.  S   Sergeant   23rd  Engineers    Camp  Meade,  Admiral,  Md. 

Ridcway,  J.  J...  1st  Lieutenant  Co.  P.  318th  Infantry  Campl.ce,  Petersburg  Va. 

Ritchie.  J.  M.  Captain   Quartermaster  Officers'  Reserve    Washington,  D.  C. 

Rogers,  C.  B.   Electrical  Research  Dept.,  Aviation  Section,  Signal  Corps    Mineota,  L.  I. 

Row.  J.  C.    Captain   17th  Engineer*  France 

Roth.  F.  E.   Private  316th  Infantry  Camp  Meade.  Admiral,  Md. 

Rcst.  E.  P  Lieutenant   ....  U.S.N.  (Chief  Engineer)    U.  S.  S.  "Scalia  ' 

Saxville.  L.  F.  Private  108th  Field  Artillery,  Pcnna.  Troops  Camp  Hancock,  Augusta,  Ga. 

S.UTER.  W.  R   1st  Lieutenant   Ordnance  Officers'  Reserve      Washington ,  1).  C. 

Schmidt.  A.  H  Company  "C, "  315th  Infantry    . .  .  Camp  Meade,  Admiral,  Md. 

Schwecler.  O.  F  Reserve  Officers'  Training  Camp  Fortress  Monroe,  Va. 

Shvstcr,  W.  II.,  Jk  Lieutenant  314th  Infantry      Camp  Meade.  Mil. 

Smith,  W.  S  Captain  .  .     . .  Navy  Department  .  Special  Duty.  Naval  Consulting  Board.  Washington,  D.  C. 

Smith.  X.  R   .      .  1st  Lieutenant  Ordnance  Officers'  R«  serve  Corps  ...    The  Remington  Anns  W.  M.C.  Co..  Ilioii.  X.Y. 

Spaceman,  H.  S.  .   Major   Engineer  Officers'  R.  serve    Overseas  Service 

Spencer.  Alex.  G.     Royal  Flying  Corps    -  Toronto.  Canada 

Spillan.  J  J.I)  Sergeant  H<|.  S3,  Brig.  F.  A.  .  ....    Camp  Hancock.  Augusta.  Ga. 

Tawresey.  J.  G.   Xaval  Constructor   Navy  Department   Const  ruction  Offi.-er.  Philadelphia  Navy  Yard 

Taylor.  H   1st  Lieutenant    304th  Regiment  Engimii.s   Camp  Meade.  Admiral.  Md. 

Thacher,  C.  F.,  Jr.  1st  Lieutenant  Engineer  Officers'  Training  Camp   .  .  Bel  voir.  Va 

Tiiachf.r,  C.  II  2nd  Lieutenant  Engineer  Officers'  Training  Camp   -   Belvoir,  Va- 

Thomas,  R.  S  Captain    Engineer  Depot    ...   Eagle  Pass,  Texas 

Thomson.  H.  A    Quartermaster  Officers'  Res  -r\  e  . .  ...  Camp  Hancock.  Augusta,  Ga. 

Tillsox,  P.  E.   Lieutenant   Naval  Coast  Defense   Philadelphia  Navy  Yard 

Vacohav,  D.  I  ...1st  Lieutenant..   Officers'  Reserve  Crps   .Camp  J»*eph  B.  Johnston.  Jacksonville.  Fla. 

Warfkl,  A.  C  2nd  Lieutenant  35th  Regiment  Engineers    Camp  Grant.  Rockford,  Illinois 

Warfel,  J.  P  Senior  Lieutenant  U.S.  Naval  Reserve  Force    Philadelphia  Navy  Yard 

Watson.  G.  L  Captain   Engineer  Officers'  Reserve  Corps  - 

Webb.  Walter  LoklNo   Major  Engineer  Officers'  Reserve  Corps.  .   ..    Prance 

White,  W.  M..   1st  Ijcutcnant. . .   103rd  Engineers  Camp  Hancock,  Augusta.  Ga. 

Wild,  H.  J   Captain  Engineer  Officers'  Reserve  Corps   War  Department,  Washington,  D  C. 

Williams,  H.  1.   2nd  Lieutenant  Engineer  Officers'  Reserve  Corps    ........  .  .  .Corpus  Christi.  Texas 

Woerwai;,  C.  A  1st  Lieutenant- .   Ordnance  Officers'  Reserve  Corps  -  -       

Work.  Leonard  . .  .  1st  Lieutenant  .  .  52nd  Aero  Squadron.  A.  S.  S.  C. .     ..American  Expeditionary  Forces,  via  New  York 

Worrkm.,  H.  S.  ..        ...  Lieutenant    .        .   C.  A.  C.  School  D  ..  .      Fort  Mottr-e,  Va. 

Worth,  J.  G  Captain  .   Quartermaster  Officers'  Reserve  Camp  Wheeler,  Macon,  Ga. 

Zinn.  George  A   Colonel   District  Engineers'  Office,  Custom  Housj  Portland.  Oregon 

West*.  B.  M  ..Asst.  Paymaster   Reiving  Ship...  .  .   Brooklyn  Navy  Yard 


REQUEST  FOR  INFORMATION 

THE  COMMITTEE  REQUESTS  THAT  THE  MEMBERS  OF  THE  CLUB  INFORM  THE  COMMITTEE  OF  Til  Kilt  ADMISSION  TO  THE 
NIIITAHY  OR  NAVAL  SERVICE. 

THE  COMMITTEE  WOULD  AI-W  BE  PLEASED  TO  RECEIVE  SUGGESTIONS  FROM  MEMBERS  WHO  HAVE  ENTERED  THE  SERVICE. 
PLEASE  ADDRESS  COMMUNICATIONS  TO  THE  COMMITTEE  ON  NATIONAL  SERVICE. 
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MEETING  IN  NOVEMBER 

A MEETING  of  the  Philadelphia  Section  of  The 
American  Society  of  Mechanical  Engineers  was 
held  at  the  Engineers'  Club,  No.  1317  Spruce 
Street,  Tuesday  evening.  Noveml>er  27,  Mr.  Lewis  I". 
Moody  presiding. 

The  meeting  was  opened  with  a  statement  of  the 
progress  hcing  made  by  the  various  sections  by  Mr.  I). 
Robt.  Yarnall,  chairman  of  the  National  Committee  on 
Sections.  The  fact  was  emphasized  that  some  of  the 
newer  western  sections  are  extremely  active  and  pro- 
gressive. 

Following  Mr.  Varnall's  talk.  Mr.  Ernest  Hartford, 
secretary  of  the  Committee  on  Sections,  talked  upon  the 
subject  of  section  activities  in  an  endeavor  to  impress  upon 
the  Section  the  necessity  for  activity  in  procuring  good 
technical  papers  for  use  in  the  .  J.  S.  M,  E.  Journal. 

A  motion  was  made  by  Mr.  L,  II.  Kenney  and  carried 


directing  that  the  Chairman  appoint  a  committee  on 
papers. 

Prof.  Walter  Kauteustrauch  gave  the  leading  paper 
of  the  evening,  entitled,  "  Manufacturing  in  Relation  to 
Hanking,  Research,  and  Management."  This  paper  will 
subsequently  be  published  in  full  in  The  Ex<;ixeek.s' 
Ci  i  n  Joi  kx  u..  A  rising  vote  of  thanks  was  given  to 
Professor  Kauteustrauch. 

MEETING  IN  JANUARY 

On  January  22  Prof.  William  L.  Cathcart,  United 
States  Navy  (retired),  will  address  the  Section  on  the 
subject.  "  <  )ur  Navy  and  the  War." 

The  meeting  will  be  held  in  the  Engineers'  Club's 
auditorium. 

Members  of  the  Philadelphia  Section  of  the  Illumina- 
ting Engineering  Society  have  been  invited  to  this  meeting. 
The  lecture  will  be  fully  illustrated. 


ii«iutflt:!<<tii!UUwtatiraii!miura 

ILLUMINATING  ENGINEERING  SOCIETY 

PHILADELPHIA  SECTION 

Walton  Fobstall,  Chairman  U.vit  Rasin,  Secretary,  Ul  1  Widcncr  Bldg. 


THE  next  meeting  of  the  Philadelphia  Section  will 
be  a  joint  meeting  with  The  Franklin  Institute 
on  Thursday,  January  10,  1918.  The  subject 
will  be  "  The  Physics  of  the  Welsbach  Mantle."  by 
Doctor  Ives. 

The  December  meeting  occurred  on  the  21st.  in 
The  Franklin  Institute,  and  was  opened  by  Mr.  I  Inward 
Gyon.  who  continued  his  talk  begun  the  previous  month 
on  lighting  units  and  their  significance,  with  special 
reference  to  the  unit  solid  angle,  lumens,  and  candle-power. 

Miss  Beatrice  Irwin,  of  New  York,  spoke  mi  the 
subject  of  "  Color  Science  in  Illumination."  The  basis 
of  her  discourse  was  the  consideration  that  heretofore 
color  has  been  accorded  a  negative  and  purely  orna- 
mental status  in  our  consciousness  and  expression, 
whereas  it  should  be  considered  a  dynamic  force,  sub- 
ject to  classification  and  correspondence  as  exact  and 
multiple  as  those  accorded  to  sound.  Just  as  there  may 
he  physical,  mental,  and  nervous  effects  thru  other 


causes,  so  color  may  soothe,  refresh,  or  stimulate. 
Therefore,  according  to  Miss  Irwin's  nomenclature, 
color  is  classified  as  sedative,  recuperative,  or  stimu- 
lant, according  to  the  effect.  It  was  stated  that  obser- 
vation and  laboratory  tests  have  proved  such  results, 
but  the  application  requires  a  liner  distinction  in  shades 
of  color  rather  than  a  reference  to  a  given  color 
in  general. 

The  speaker  then  exhibited  a  number  of  light  filters, 
consisting  of  specially  painted  parchments,  designed 
to  surround  a  light-source  as  a  shade.  The  color  of 
the  pigments,  as  well  as  the  design,  determined  the 
color  classification  of  the  effect.  Needless  to  say,  the 
results  desired  were  effects  and  not  illumination 
efficiency. 

Miss  Irwin  made  a  plea  for  more  and  better  color 
effects,  not  only  in  outdoor  architecture,  as  evidenced 
by  the  Panama  Pacific  Exposition,  but  also  in  offices 
and  homes. 
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LOCAL  SECTION  No.  7  OF 

M.  W.  Ri;m>ekow,  Acting  President 


SAFETY  COUNCIL 

NATIONAL  SAFETY  COUNCIL 

J.  P.  Mum>,  Sicretary-Treaiurcr, 
The  Midv.lc  Swel  Co..  P.  O.  Bo*  1J2J 


MEETING  IN  NOVEMBER 

AT  the  meeting  on  November  27.  Mr.  H.  \V.  Eorster, 
Manager  of  The  Independence  Bureau,  delivered  a 
very  excellent  paper  on  the  subject.  "  Industrial 
Housing.  Its  Relation  to  Accident  Prevention." 

This  pa|>er  is  published  in  full  on  page  18  of  this'issue 
Of  the  Jot  KN At.. 

ANNUAL  MEETING 

The  annual  meeting  of  The  Local  Section  will  be  held 


in  The  Engineers'  Club's  auditorium,  1317  Spruce  Street, 
on  January  15.  1918. 

At  this  meeting  the  election  of  officers  for  the  follow- 
ing year  will  take  place.  Mr.  Rudderow,  acting  president, 
has  appointed  a  committee,  consisting  of  Francis  D. 
Patterson.  Coleman  Sellers,  Jr.,  J.  F.  Conner,  C.  C.  Black, 
and  D.  N.  Frazicr,  as  a  nominating  committee.  The 
recommendations  of  this  committee  will  be  published  to 
the  membership  at  the  same  time  that  the  notices  are  sent 
out  for  the  January  meeting. 
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H.  A.  Temeu.,  President. 

imiiiiiimramu  !:n:!:;Hmani!mraunm,:n::tnur.i: 


TH  E  next  meeting  of  the  Technology  Club  will 
be  held  on  W  ednesday  evening,  January  2,  1918. 
There  will  be  an  informal  dinner  at  6.30  P.M. 
and  meeting  at  8.15  p.m. 

Plans  for  the  reunion  of  the  Technology  Clubs  Asso- 
ciated will  be  discussed,  and  the  work  of  the  various 
committees  will  be  outlined. 

The  reunion  will  probably  be  held  on  March  29  and  30. 
with  headquarters  at  Drexel  Institute. 

A  tentative  program  has  been  arranged  and  will  soon 
be  ready  for  publication. 

In  view  of  the  present  war  conditions,  a  program 
tit  exceptional  benefit  and  service  is  being  arranged,  and 
expense*  will  be  reduced  as  much  as  practicable. 


X.  A.  White,  Secretary,  Wenonah,  N.  J. 


::i:r,:::n::r::::ii::cniiiirii:ii:r:i."i::r:n^ 

The  following  Executive  Committee  has  been  appointed  : 
Dr.  Mollis  tiodfrcy.  President 

EXECUTIVE  COMMITTEE 

Herbert  A.  Terrell,  Chairman 

D.  K.  Bullens,  Finance  and  Treasurer 

Charles  F.  Willard,  Publicity 

J.  Peterson  Ryder,  Registration 

Claude  A.  Anderson.  Hotels 

Hiram  L.  Walker,  Transportation 

Nathaniel  A.  White,  Secretary 

As  the  representatives  of  the  various  Technology 
Clubs  will  be  guests  of  the  Philadelphia  Club,  the 
active  cooperation  and  assistance  of  all  members  is 
necessary. 


g*n!lll!tiiiBIII 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 


ENGINEERS 

r-    Nathan  Hayward,  Chairman 
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JANUARY  MEETING 

THE  January  meeting  of  the  Philadelphia  Section 
will  be  held  in  the  auditorium  of  the  Engineers' 
Club,  Monday,  January  14,  at  8  p.m. 
The  speakers  will  be  Mr.  Paul  Spencer,  of  the  United 
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PHILADELPHIA  SECTION 

H.  Mouradian,  Secretary,  1631  Arch  Street  Zl 

Gas  Improvement  Company,  and  Mr.  G.  E.  Wendle,  of 
the  Lycoming  Edison  I  ruii|  any,  oi  \\  iltiatnsport, 

The  subject  of  the  meeting  will  be  "  Specifications 
Covering  the  Construction  at  Crossings  of  Overhead  Lines 
of  Public  Utilities." 
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THE  WORK  AND  EXPERIENCES  OF  THE 

UNITED  STATES  ENGINEER  TROOPS  IN  FRANCE* 

By  MAJOR-GENERAL  CHARLES  M.  CLEMENT,  U.S.A.f 


IN  tlu'  tirst  place.  I  ought  to  apologize  for  being  a 
physical  derelict.  Meeting  a  reporter  on  one  of  your 
newspapers  to  day,  he  said.  "  You  cannot  be  General 
Clement :  I  am  looking  for  an  invalid."  Hetween  the 
two  physical  examinations  the  Secretary  of  War  court- 
eously granted  me  I  was  examined  by  a  civilian  physi- 
cian and  was  again  examined  to-day;  nobody  but  an  army 
doctor  can  find  anything  the  mailer  with  me.  I  can  still 
dance  until  four  o'clock  in  lbe  morning.  Of  the  twelve 
generals  that  went  to  France  in  the  same  party.  I  was  the 
only  one  that  was  out  every  bit  of  the  time  assigned  to  us 
to  examine  and  study  the  situation  over  there.  How- 
ever, it  i-  not  up  to  me  or  anybody  else  to  criticize  the 
Government  at  this  time.  I  agree  with  the  Secretary  oi 
War  that  sixty-two  years  are  an  insuperable  Iwrrier  to 
efficient  service  abroad.  Of  course,  naturally.  I  thought 
myself  an  exception  to  that  rule. 

Before  coming  to  the  subject,  I  want  to  say  a  word 
about  your  own  and  our  own  division— the  Keystone  Divi- 
sion— ami  particular!)  about  the  10.M  Engineers,  for- 
merly the  First  Pennsylvania  Engineer*,  of  which  Com- 
pany D  was  largely  organized.  The  103d  Engineers  was 
most  fortunate  in  securing  for  its  commanding  officer 
Lieut.  Col.  Fred  A.  Snyder,  who  for  three  years  had  been 
a  lecturer  on  engineering  in  the  Canadian  W  ar  College. 

The  work  done  in  this  organization  has  been  truly 
wonderful.  Every  typo  of  military  bridge  has  Ixen  con 
structed.  and  in  one  case,  where  the  bridge  was  improp 
erly  put  up  and  fell  down.  Colonel  Snyder  insisted  that 
it  should  be  left  there  as  an  object  lesson  to  all  other;.. 
Every  t\|>e  of  trench  constructed  on  the  European  front 
has  been  duplicated  in  the  instruction  series;  tunnels, 
saps,  and  counter-mines  have  been  built,  so  that  there  is 
better  opportunity  for  the  student  than  at  any  school  1 
visited  on  either  front. 

The  instruction  thus  given  has  been  taken  up  and 

*  Presented  before  the  Philadelphia  Association  of  Mcmhers 
of  the  American  Society  of  Civil  Engineers.  January  7.  1918. 
»t  the  Kiiginecrs'  Club. 

f  General  Clement,  lately  commander  of  the  28th  Division. 
('.  S.  A.,  Camp  Hancock,  Augusta,  Ga.,  has  just  returned  from 
the  firing  line  in  France,  where  he  made  a  thoro  study  of  the 
War  situation. 
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assimilated  by  the  officers  in  other  regiments  who  are  engi- 
neers by  profession,  with  the  result  that  all  the  engineer- 
ing work  in  the  two  infantry  brigades  is  approaching  the 
standard  set  by  the  103d  Engineers. 

In  the  110th  Infantry  there  was  a  most  clalwrate  sys- 
tem of  entrenchments  with  a  definite  plan  of  attack.  It 
was  assumed  that  a  row  of  houses  about  three-fourths  of 
a  mile  distant  were  occupied  by  enemy  sharpshooters,  and 
sniper  posts  were  established,  so  carefully  camoutlagcd 
with  old  cans  that  I  «a<  on  the  point  of  reprimanding  the 
commanding  officer  for  using  his  trenches  as  a  dump, 
when  I  casually  discovered  that  several  of  these  cans  were 
simply  designed  as  protection  to  ritle  barrels  and  the  rest 
to  mislead  the  enemy  as  it  had  misled  me.  The  major  of 
this  regiment,  coming  from  the  western  |>art  of  the  Mate, 
was  assuring  mc  that  they  could  do  this  work  so  well  be- 
cause they  were  from  the  bituminous  coal  region ;  looking 
down  into  a  twenty-foot  trench,  it  struck  me  the  men 
working  there  were  not  from  the  western  part  of  the 
state,  and  I  asked.  "  Hoys,  where  are  you  from  ?  "  "  Sir, 
we  are  all  from  Philadelphia." 

Other  regiments  visited  showed  a  like  degree  of  pro- 
ficiency and  a  careful  comprehension  of  the  object  to  be 
attained  thru  "  trench  warfare."  The  officers  in  charge 
were  able  to  give  lucid  explanations  both  to  the  men  at 
work  and  to  the  Commanding  General,  all  of  which  satis- 
fied me  that,  so  far  as  engineering  instruction  was  con- 
cerned, the  infantry  brigades  had  received  all  the  instruc- 
tion that  was  needed  on  this  s'uW-  of  the  Atlantic. 

From  the  standpoint  of  military  engineering,  I  have  no 
hesitation  in  saying  that  the  Pennsylvania  artillery  brigade 
i>  entirely  fit  to  go  to  France  to-morrow  and  can  do  any 
work  ;  that  their  guns  were  as  well  concealed  as  any  1  saw 
on  the  French  battle  front,  without  any  artificial  camou- 
flage. Of  course,  there  is  a  little  more  timber  here  than  in 
that  country.  I  heartily  favor  compulsory  military  ser- 
vice. I  have  never  been  in  favor  of  universal  military 
service,  but  am  willing  to  admit  that  in  a  country  the  size 
of  this  there  must  be  selection,  and  those  should  be  taken 
who  can  play  the  game  with  the  least  possible  loss — but 
it  should  be  compulsory.  However,  in  a  volunteer  force 
like  ours  there  is  a  set  of  men  one-half  of  whom  are  play- 
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ing  the  t^amc  because  it  is  a  game  in  which  we  waul  to 
win,  and,  after  all,  that  is  what  counts. 

In  the  profession  of  engineering,  the  engineer  who 
plays  his  game  because  he  wants  to  win  has  a  broader 
imagination,  a  quicker  comprehension  of  the  thing  that  is 
to  be  done  than  the  man  that  plods  along  under  the  hook 
and  the  red-tape  rules  that  handicap  any  profession.  You 
will  rind,  as  time  goes  on.  there  will  be  no  contribution  to 
the  righting  forces  in  France  that  will  excel  in  spirit  and 
determination  the  men  of  the  28th  Division.  Since  I  have 
been  home  a  young  man  walked  into  my  office,  who 
had  on  his  sleeve  the  insignia  of  a  sergeant  of  ordnance. 
I  congratulated  him  on  his  promotion,  but  1  said.  "  Do 
you  know  the  risk  you  are  taking?"  He  said,  "Oh, 
yes;  but  I  don't  want  my  family  to  know  it."  He  said, 
"  I  thoroly  understand  that  when  an  ordnance  dump  is  hit 
we  will  all  be  sent  home  in  boxes,  but  let  us  play  the 
game."  Thai  is  the  underlying  spirit  that  will  bring  suc- 
cess—a determination  to  play  the  game  for  success — and 
that,  you  will  find,  is  the  spirit  that  actuates  the  major  por- 
tion of  the  division  that  represents  this  city  and  state  at 
Augusta,  da.  That  division  has  not  figured  very  much 
in  the  papers  because  there  have  been  nit  complaints; 
it  has  not  figured  much  in  the  papers  because  it  has  a 
negligible  sick  list ;  it  has  not  figured  much  because 
thru  the  foresight  of  General  Stewart  it  went  equipped 
and  none  of  the  men  have  been  suffering  for  lack  of 
equipment.  It  is  ready  to  go  across,  and  let  us  in 
imagination  cross  over  ahead  of  it  and  see  if  we  can 
picture  some  of  the  things  that  confront  it.  It  is  not 
my  business  to  discourage  people ;  it  is  my  business  to 
encourage  them.  It  can  be  said  concisely  of  this  war 
in  Kurope  that  it  is  no  place  for  a  nervous  woman  or 
a  homesick  man.  It  demands  the  best,  mentally  and 
physically,  that  everybody  contains.  As  a  result  of 
the  three  years'  struggle  entirely  new  data  have  been 
evolved  and  much  of  the  engineering  work  in  military 
science,  as  almost  everything  else  in  war,  has  been  rele- 
gated to  the  scrap  heap. 

I  will  try  to  present  to  you  in  a  brief  way  some  of 
the  fundamental  difficulties  confronting  the  engineers 
and  the  way  in  which  they  have  been  handled.  The 
Allied  forces  had  no  common  unit  of  measurement. 
The  first  difficulty  that  met  the  engineer  officers  oi  the 
French  and  Knglish  armies  was  to  devise  a  system  of 
maps  to  get  over  that  difficulty  without  any  hope  of 
teaching  the  ordinary  soldier  or  officer  how  to  reduce 
yards  to  meters  and  kilometers  to  miles  -  -to  make  a  map 
that,  once  printed,  would  be  perfectly  serviceable  in 
every  army.  And  they  have  worked  out  a  perfect 
scheme  that  ignores  any  idea  of  yards,  feet,  meters,  or 
miles,  and  coordinates  everything  on  fractions  alone. 
The  maps  are  made  on  scales  that  are  universally 
1/2500.  1  -10,000,  1/40,000.  When  a  man  sees  that  map, 
whether  he  can  reail  it  in  meters  or  yards  it  matters 
not,  he  reads  all  that  is  on  it  to  his  understanding, 
which  is  all  that  is  necessary.  The  old  cumbersome 
ways  of  designating  routes  have  also  been  overcome  by 

5* 


the  engineer.  The  old  army  rule  that  required  a  gen- 
eral to  put  in  his  order,  spelling  out  in  Koman  capitals, 
the  names  of  all  towns  and  roads,  needlessly  prolonging 
the  order,  is  aliolished  by  this  system  of  maps.  All  of 
France  has  been  mapped  in  a  section  of  sheets  num- 
bered from  one  up.  Each  sheet  is  divided  into  a  num- 
ber of  squares,  and  they  are  all  exactly  alike  in  number. 
Kach  square  is  again  subdivided  into  four  principal 
parts;  so  that  when  a  man  receives  an  order  to  do  a 
certain  thing  be  is  referred  to  sheet  one.  No.  27,  and 
one  of  the  four  subdivisions,  which  are  designated  by 
thc  first  tour  letters  of  the  alphabet.  For  the  very  simple 
reason  that  men  speaking  different  languages  cannot 
ami  do  not  pronounce  the  first  four  letters  cf  the  alpha- 
bet alike,  they  have  substituted  arbitrary  symbols  to 
represent  them;  so  that  C".  which  can  be  hissed  over 
every  tongue,  is  the  only  one  of  the  four  letters  which 
remains  as  it  was.  "  A  "  is  "  ab."  "  M  "  is  "  beer  " — 
1  suppose  all  engineers  arc  familiar  with  that — and  "  D  " 
is  "  don."  1  found  most  men  said  "  damn."  The  sec- 
tions are  divided  that  way.  and  if  they  want  to  locate  a 
cannon  they  may  mark  one  of  these,  subdivided,  "  I- 
don-l<>.  sheet  6."  and  they  send  that  to  the  battery 
commander  and  he  can  locate  it  within  fifty  feet.  Such 
messages  can  be  sent  by  wireless  or  wig-wagged  from 
an  aeroplane.  It  is  a  high  triiunph  of  military  art.  liy 
the  substitution  of  the  new  system  for  the  old.  whether 
the  reader  be  an  Englishman,  a  Frenchman,  an  Italian, 
or  even  an  American,  the  map  means  just  the  same  to 
him.  It  used  to  be  that  a  map  was  handed  to  a  regi- 
mental commander  and  by  him  passed  to  a  battalion 
commander  and  upon  that  map  he  formulated  his 
orders.  It  is  not  so  to-day.  The  map  goes  into  the 
hands  of  the  squad  leader,  because  the  science  is  so 
changed  that  the  lighting  is  not  done  by  the  command- 
ing general.  His  work  is  to  sec  that  his  men  are  kept 
healthy,  well  fed  and  well  equipped,  and  held  to  the 
highest  type  of  discipline.  The  fighting  is  done  by  the 
squad  leaders  and  company  commanders.  The  men 
who  do  the  fighting  must  be  intelligently  taught  what 
they  have  to  do.  The  bayonet  positively  thinks  in  this 
war.  It  was  not  until  the  liritish  and  French  soldiers 
learned  that  the  bayonet  must  think  that  they  became 
effective,  so  they  are  changing  their  past  defeat  into 
present  victory,  and  are  gathering  strength  which  must 
inevitably  carry  them  across  the  Rhine,  unlers  there  is 
a  collapse  in  Germany  before  that  day  comes.  When 
I  started  studying  military  science  we  were  awakened 
in  the  night  and  told  to  issue  an  order.  Once  that  order 
went  out  it  became  the  basis  of  the  movement  of  the 
forces  under  you.  Commanding  a  provisional  brigade 
several  times  I  had  to  work  up  those  orders,  and  was 
impressed  with  the  fact  that  if  I  were  lighting  I  would 
have  little  chance  to  get  out  whole,  because  there  was 
too  big  a  field  to  look  at.  It  is  all  changed  now.  They 
make  up  their  minds  to  attack  a  certain  point,  the  com- 
mander dictates  to  the  engineers  the  thing  he  has  in 
his  mind,  and  the  chief  of  engineers  goes  out  and  pro- 
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ducts  on  the  ground  to  a  perfect  scale  a  map  of  the 
whole  country  that  has  to  be  traversed  in  that  engage- 
ment. 

In  the  fight  on  the  Mcssines  Kidge.  where  I  had  an 
opportunity  to  study  each  map — nearly  six  months 
were  required  preparing  the  map,  as  I  called  it — or  the 
plan — on  the  ground,  of  the  region  to  he  traversed. 
The  aeroplanes  took  their  photographs  every  day- 
bo  th  the  panoramic  photograph  out  of  the  sides  of  the 
machine  and  flat  photographs  from  the  bottom.  These 
were  read  by  the  microscope,  printed  by  the  photog- 
rapher, and  then  sent  to  the  engineer  to  be  worked  up 
not  only  on  the  practical  map  that  goes  to  the  men  but 
on  this  outline  by  which  they  were  to  learn  to  read  their 
mips,  You  may  have  seen  the  French  magazine  called 
Iltustranon  depicting  a  large  map  around  which  was  a 
railing  and  a  platform,  on  which  the  commanders  and 
officers  could  study  this  map  as  it  grew  from  day  to  day 
and  familiarize  themselves  with  the  piece  of  ground  that 
w  as  going  to  be  covered  in  an  attack.  In  the  prepara- 
tion for  that  attack,  which  took  nearly  six  months, 
every  woods,  every  house,  every  tree  was  marked,  and 
if  they  discovered  that  they  had  made  a  mistake  and  a 
better  photograph  showed  an  error,  it  was  corrected 
and  everybody  brought  back  to  study  that  part  again. 
Here  was  a  new  development  of  military  engineering 
by  the  aid  of  photography  and  the  aeroplane.  The 
English  engineers  coordinated  and  put  upon  the  ground 
an  exact  picture  of  the  area  occupied  by  the  ticrman 
Army,  and  when  the  time  came  to  move  they  moved 
irresistibly  over  the  lines  laid  down,  to  complete  vic- 
tory, because  every  man  engaged  had  in  his  mind  his 
primary  object,  his  secondary  object,  and  the  ultimate 
object  of  attack,  and  worked  with  an  intelligence  that 
had  been  unknown. 

Victory  will  come  in  this  war  to  the  best-educated 
men.  It  is  not  the  aeroplane,  the  submarine,  the  hand 
grenade,  or  bomb  that  is  going  to  win.  but  the  brains  of 
the  soldier  plus  his  confidence  in  his  rifle  and  his 
bayonet.  That  is  why  I  feel  that  the  advent  of  the 
American  soldier  will  give  it  triumphant  victory,  be- 
cause we  are  sending  thinking  men  in  the  ranks,  and 
the  officers  who  can  see  the  problem  will  win  it  with 
the  same  determination  that  an  American  wins  any 
game  in  which  he  engages. 

The  study  of  that  field  of  fire  over  the  Messines 
Kidge  was  a  revelation  to  me  of  the  discipline  of  engi- 
neering. The  patience  displayed  in  reducing  fifteen 
miles  in  length  and  six  miles  in  depth  to  a  scale  that 
could  be  put  on  a  field  of  about  1000  feet  by  2500  feet, 
and  put  on  so  accurately  that  when  the  order  came 
thru  in  the  morning  to  move  forward  every  man  could 
find  his  path  as  surely  as  if  he  were  on  Hroad  Street 
under  a  row  of  electric  lights,  was  indeed1  wonderful. 
Each  man  had  completely  absorbed  the  surroundings. 
He  had  taken  in  all  that  the  engineer  had  done  and 
was  able  to  carry  it  out. 

When  1  first  went  over  I  was  assigned  to  the  First 
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Anzac  Corps.  Like  Pennsylvanians,  they  are  volun- 
teers. They  are  entirely  independent  of  the  British 
War  Office.  The  Parliament  of  Australia  consented  to 
put  men  in  this  war  with  the  understanding  that  the 
commanding  general  should  make  all  appointments  to 
office  and  he  alone  should  decide  who  should  remain 
and  who  should  go  back.  Having  prescribed  these 
conditions,  they  elected  Lieutenant  General  Birdwood, 
a  British  officer  of  the  Indian  Army,  to  represent  them, 
and,  altho  he  had  never  been  an  Australian,  he  was  so 
loyal  to  his  trust  that  the  Commonwealth  of  Australia 
sent  the  best  she  had  to  be  represented  in  that  fighting 
corps.  They  are  the  same  kind  of  volunteers  we  are  in 
Pennsylvania,  and  they  have  gone  in  with  a  determination 
to  win.  Their  engineering  force  has  contributed  to  this 
war  what  is  known  as  the  "  duck  board,"  which  when  the 
Canadians  saw  it  named  it  the  "  bath  mat."  1  asked 
why  it  was  called  a  "  duck  board,"  and  they  said  it  was 
because  it  did  not  keep  them  out  of  the  mud.  The 
Canadians  called  it  a  "  bath  mat  "  because  when  you  are 
on  it  you  don't  take  a  bath.  In  Flanders  the  ground  is 
covered  with  about  three  feet  of  mud.  and  if  you  net  off 
this  "  duck  board  "  you  are  up  to  your  knees  instantly, 
and  the  Australians  worked  out  this  scheme  to  enable 
them  to  go  against  the  Germans  irresistibly.  The 
"  board  "  is  constructed  of  a  number  of  small  strips  of 
wood,  fourteen  to  fifteen  inches  long,  and  nailed  to 
stringers ;  these  are  placed  one  in  front  of  another  until 
there  are  miles  of  it  to  walk  on.  Over  that  line  the 
soldier,  the  donkey,  and  the  mule  went  to  victory.  It 
would  have  been  impossible  to  do  it  in  any  other  way 
thru  the  mud. 

There  are  no  trenches  in  that  part  of  Flanders. 
When  you  go  to  dig  a  trench  you  are  waist  dee])  in 
water.  If  it  rains  only  twice  a  day  in  Flanders  it  is 
considered  a  clear  day.  I  never  wore  woollens  or 
woollen  underwear  in  my  life  until  1  landed  in  Paris, 
and  it  was  so  cold  that  I  started  to  buy  some.  I  bought 
three  suits  of  underwear  and  three  pairs  of  socks.  When 
I  asked  the  price,  it  was  $40  good  American  money. 
That  shows  the  importance  of  equipping  your  soldier 
with  the  socks,  underwear,  and  the  sweaters  he  needs, 
and  realizing  that  the  Government  cannot  meet  that 
demand.  If  your  boy  is  over  there  or  going  over  there, 
make  sure  he  has  an  abundance  of  those  things,  because 
without  them  he  will  become  a  sure  victim  of  pneu- 
monia. When  I  visited  the  Johns  Hopkins  unit  I  said 
to  Howard  Kelley,  "  Major,  what  percentage  of  your 
cases  are  venereal  troubles?"  And  he  replied,  "  None, 
sir."  I  said,  "  Do  you  mean  to  tell  me  that  venereal  dis- 
eases are  unknown  here?  "  He  said,  "  Yes,  sir;  we  have 
none  in  the  American  army."  I  then  asked,  "  Well,  what 
is  it?  "  And  he  replied,  "  All  respiratory  troubles,  due 
to  wet  feet,  improperly  clothed,  improper  underwear, 
and  all  absolutely  preventable."  The  American  people 
should  realize  it  is  necessary  for  them  to  furnish  these 
soldiers  with  the  necessary  clothing,  and  that  it  is  not 
a  Government  function — or,  if  it  is,  the  Government 

OF     PHILADELPHIA  59 


Digitized  by  GoCgle 


ENGINEERS'  CLUB 


OP  PHILADELPHIA 


cannot  meet  it — and  every  man  must  be  equipped  with 
these  things. 

After  I  left  the  Fasschendacle  front — and  may  I 
say  just  one  more  thing  about  it? — there  is  only  one 
set  of  forts  in  France  which  stood  this  bombardment, 
and  they  were  built  by  Vauban  in  the  early  days  of  the 
seventeenth  century,  in  the  city  of  Ypres,  where  every- 
thing has  been  destroyed.  Great  Britain  should  buy 
this  city  and  fence  it  in  as  a  terrible  monument  of  hate. 
The  only  things  standing  are  the  forts  that  Vauban 
built,  and  in  the  damp  forts  two  British  commanders 
have  lived,  or  at  least  existed,  during  all  the  months 
that  warfare  was  going  on  at  the  Ridge.  Rheumatism 
and  rheumatism  medicine  are  everywhere.  Xo  one  lias 
any  business  in  one  of  those  places  that  ever  bad  rheu- 
matism in  his  life,  and  no  man  goes  there  who  does 
not  sooner  or  later  contract  rheumatism.  One  of  the 
cheerful  sounds  you  hear  when  you  step  outside  of  one 
of  those  casements  is  the  shells  whistling  over  your 
head. 

1  do  not  think  1  saw  a  man  in  Kuropc  that  bad  any 
fear  of  death.  I  have  seen  men  who  had  fear  of  licing 
blinded  or  of  losing  both  legs,  but  I  met  no  man  that 
looked  upon  death  as  any  terror.  The  elevation  of 
this  war — the  comprehension  that  the  liberty  of  the 
world  is  absolutely  at  stake — has  so  raised  the  hearts 
and  minds  of  the  British  and  French  soldiers  and  our 
American  contingent  that  there  is  no  thought  of  death 
anywhere.  Should  you  speak  to  a  man  about  the  dan- 
ger of  death,  he  looks  at  you  and  smiles.  That  is  the 
last  of  the  things  he  thinks  about ;  he  gives  it  no  con- 
sideration. Day  by  day  he  marches  by  the  flower- 
decked  graves  along  the  roadside — and  they  are  kept 
decked  with  flowers  all  the  while  by  the  Belgian  and 
French  women — and  he  is  as  bright  and  cheerful  as  the 
flowers  on  those  graves.  But  he  draws  back  at  the 
thought  of  being  blinded.  The  German  hate  that  pours 
out  liquid  fire  is  repulsive  to  him.  but  the  death  that 
comes  in  legitimate  fighting  is  an  incident  of  the  game 
of  the  men  that  constitute  those  armies.  It  was  not  so 
at  the  beginning:  it  has  been  a  process  of  education 
until  the  average  soldier  in  all  those  forces  is  fully  per- 
suaded that  he  can  look  four  bodies  in  the  face  and 
get  away  with  the  four.  I  have  seen  a  Britisti  ser- 
geant defy  four  men  to  come  to  him  with  bayonets,  and 
1  have  seen  him  disarm  them  with  his  naked  hand, 
when  he  knew  a  slip  of  that  hand  would  mean  a  severe 
wound,  if  not  death,  to  himself.  He  was  teaching  those 
men  to  be  fearless,  and  he  had  to  be  fearless  himself. 
He  kept  that  up  and  challenged  one  fellow  to  try  to  go 
at  him  in  real  earnest,  and  he  got  so  angry  I  thought 
he  would  break  his  bones  when  the  General  said  they 
would  have  to  stop,  as  he  saw  they  were  losing  their 
temper. 

They  had  arranged  to  pull  off  a  raid  on  Sunday. 
October  13.  I  had  gone  out  on  the  12th  of  October  and 
studied  this  polygon  which  showed  how  far  the  soldiers 
were  to  go  and  where  to  stop  and  they  were  not  to  go  a 
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bit  farther.  They  had  thoroly  mapped  it  out.  It  was 
to  be  pulled  off  at  5:45  and  everyl>ody  had  been  so  in- 
structed. Fortunately  they  picked  up  a  German  pris- 
oner and  they  found  on  him  an  instruction  to  be  on  the 
lookout  for  an  attack  at  that  time.  German  spies  had 
contributed  that  information  to  their  staff.  General 
Scott  never  said  a  word.  I  asked  him  no  questions  and 
he  gave  me  no  information,  but  at  4:45  in  the  morning 
he  directed  that  the  light  start  at  5:15;  the  bodies  were 
caught  asleep  and  they  had  to  fight  without  breakfast, 
and  the  Germans  will  not  light  without  breakfast,  so 
they  captured  all  they  did  not  kill.  They  have  to  cap- 
ture some  now  ;  they  have  to  get  over  their  desire  not  to 
take  prisoners.  They  have  to  do  it  for  this  reason: 
they  must  have  the  German  prisoner  write  back  home 
how  well  he  is  fed  by  the  English — and  there  is  no 
censorship  on  the  prisoner's  mail.  That  gets  back  to 
the  starving  wife  and  family,  and  it  has  what  the  poli- 
ticians call  to-day  a  "  psychological  "  effect ;  that  is  a 
new  name  for  it.  It  applies  to  everything.  So  they 
take  prisoners.  However,  taking  prisoners  is  not  the 
whole  object.  W  hen  1  studied  army  tactics  some  years 
ago  we  had  live  points,  represented  by  the  five  fingers  of 
our  band,  and  there  was  nothing  said  about  killing  any- 
body. But  an  army  order  to-day  reads :  "  The  object  of 
this  attack  is  (a)  to  kill  the  Germans;  (i>)  to  reach  hill 
number  so-and-so;  (r)  to  stop  at  hill  number  so-and-so*'; 
and  woe  betide  the  man  who  goes  beyond  the  stopping- 
point!  It  was  found  they  were  driven  to  that  because 
the  enthusiasm  of  the  French  and  the  British  soldier 
carried  him  beyond  the  objective  and  the  German 
counter-attacks  always  drove  him  to  a  frightful  slaughter  ; 
so  a  limitation  is  put  on  him.  It  is  very  hard  to  re- 
strain him  because  he  sees  what  appears  to  be  a  field 
unoccupied  which  too  often  proves  a  trap,  and  so  they 
set  out  to  reach  these  objectives,  but  the  first  order  is 
to  kill  the  Germans. 

After  this  raid  of  October  IS,  in  which  the  British 
had  lost  quite  a  number  of  men  killed  thru  their  own  bar- 
rage  tire,  the  General  said  to  me.  "  I  would  like  to  know 
how  this  happened."  And  so  we  went  out  to  see.  On  our 
way  out  we  passed  a  brigadier-general  who  was  living 
under  ground.  He  had  some  corrugated  rooms  he  said 
resisted  shrapnel,  and  he  bad  a  bedroom  and  a  dining- 
room.  Because  the  cannon  had  smashed  all  his  win- 
dow glass  he  had  substituted  bottoms  of  beer  bottles 
set  in  cement,  which  gave  him  light  and  resisted  shock. 
They  had  a  latrine  constructed  in  general  American 
fashion,  surrounded  with  canvas  to  give  privacy,  but  he 
was  informed  that  it  would  arrest  the  attention  of  an 
aeroplane  and  he  would  be  bombarded,  and  that  it  would 
have  to  come  down,  so  down  it  came,  and  the  men  went 
out  to  the  latrine  unprotected  against  immodesty. 

We  went  on  and  moved  along  about  two  miles  of 
trenches  on  the  "  duck  boards  "  and  examined  where 
all  the  fighting  had  taken  place,  and  the  General  asked 
a  sergeant  about  the  loss  in  this  barrage.  He  said.  "  The 
time  was  a  minute  and  thirty  seconds,  but  the  men  got 
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so  enthusiastic  after  a  minute  that  they  ran  into  our 
own  fire.  The  time  ought  to  be  shortened  to  one 
minute."  After  that  the  time  was  shortened.  I  just 
allude  to  that  to  show  you  that  a  major-general  is  per- 
fectly willing  to  talk  with  and  get  instruction  from  a 
private  soldier  in  his  own  ranks.  This  General  came 
from  one  of  the  most  illustrious  families  in  England, 
but  he  was  willing  to  get  their  viewpoint,  and  he  tried 
to  graft  that  in  his  military  experience.  He  said,  "  Ser- 
geant, how  many  did  you  kill  yesterday?'*  And  the 
sergeant  replied,  "  Fifteen,  sir."  That  excited  my  interest. 
He  said.  "  Sir,  I  came  to  a  dugout  and  I  heard  voices  and 
I  yelled  -  Surrender! '  and  the  boche  said,  '  Go  to  hell ! ' 
and  I  threw  three  bombs  down."  He  said  that  with  less 
excitement  than  I  am  telling  you  here.  The  General 
said,  "That's  pretty  good;  I  will  send  for  you  in  a  few 
days."  It  does  not  take  a  Congress,  twenty  years  after 
you  are  dead,  to  give  you  a  medal  of  honor.  A  British 
army  commander  has  a  perfect  right  to  confer  a  distin- 
guished service  medal  on  any  member  in  his  army ;  he 
has  the  right  to  give  a  war  medal  to  any  man.  I  saw  a 
parade  in  which  twenty  men  were  decorated  for  events 
which  had  happened  within  thirty  days.  You  could  see 
the  tension  in  every  man  in  that  brigade  as  they  saw 
their  men,  their  own  associates,  called  out  to  be  honored 
in  the  name  of  King  George  by  the  presentation  of  these 
medals  that  would  go  down  to  their  children  as  a  dis- 
tinguished honor  for  bravery  in  the  war.  We  have  got 
to  come  to  it ;  we  have  got  to  get  rid  of  our  American 
prejudice  of  rewarding  men  who  do  faithful  things. 
The  little  piece  of  bronze  is  nothing  for  the  risk  he  runs, 
but  it  is  the  stamp  of  his  country's  approval,  and  that  is 
the  greatest  thing  his  country  can  do  for  him.  To  have 
Congress  pass  an  act  after  you  are  dead  and  buried 
does  not  meet  the  bill.  It  riiust  be  done  on  the  spot, 
and  those  men  are  encouraged  to  deeds  of  valor  by  see- 
ing other  men  promptly  rewarded  for  what  they  have 
done. 

Rut  I  am  getting  away  from  the  subject  of  engineer- 
ing. I  have  been  accustomed  to  dealing  with  engineers, 
and  1  sup|K>se  there  are  some  here  who,  having  large 
contracts  in  mind,  do  not  look  to  the  salvage  at  all.  Rut 
the  Hritish  engineer  made  up  his  mind  that  nothing 
should  be  lost,  and  the  engineers'  dumps,  to  which  were 
brought  back  all  wastage,  twisted  rail,  wire  entangle- 
ments, wheels  that  had  been  lost,  were  organized  and 
they  started  in  working  them  up.  straightening  the  rails 
and  sending  them  out  again,  and  classifying  everything, 
so  if  somebody  at  the  front  telephoned  in  they  had  need 
for  a  railroad  they  had  a  mile  of  rails  to  send  him  at 
once.  They  take,  the  spokes  of  wheels  and  make  duck 
boards  out  of  them,  and  in  the  year  that  ended  July  1, 
1917,  it  is  estimated  that  they  had  saved  $25,000,000  to 
Great  Rritain  in  just  the  salvage  these  Royal  Engineers 
were  able  to  make.  It  is  a.  new  development  in  engi- 
neering science  which  is  taking  the  economic  laws  into 
consideration  and  converting  everything  that  has  been 
used  into  something  that  can  be  used  over  again,  and  it 
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is  wonderfully  developing  the  intelligence  of  the  men. 
One  dump  visited  had  500  men  under  a  sergeant  major, 
and  1  said  to  the  commanding  officer  of  the  Royal  En- 
gineers of  that  army  corps,  "  Is  it  possible  that  you  can 
put  that  man  in  charge  of  all  these  men  ?  "  He  said, 
"  Yes,  sir;  such  is  the  discipline  to  which  wc  have  brought 
the  Hritish  Army  that  I  could,  if  I  wanted  to,  put  a  cor- 
poral in  command  of  500  men  and  not  a  man  would  think 
of  disobeying  or  of  not  carrying  out  what  he  was  told  to 
do."  That  is  the  perfection — the  tie  plus  ultra  of  disci- 
pline. The  sergeant  major  is  scrupulously  dressed  and  he 
alone  wears  brass  buttons.  Britons  use  bone  buttons  to 
save  the  money  that  bronze  costs,  and  we  will  come  to  it, 
too.  They  can  remodel  anything.  If  somebody  finds  he 
cannot  use  his  machine  gun,  they  telephone  back  to  this 
dump  and  immediately  a  base  is  made  out  df  old  waste 
material.  They  do  not  take  new  boards  and  make  them 
up  into  little  things.  Here  if  a  man  wanted  a  board  two 
feet  long  he  would  not  take  the  trouble  to  hunt  it;  he 
would  take  a  sixteen-foot  one  and  saw  two  feet  off.  It  is 
not  so  there ;  they  have  come  to  the  point  of  saving  every- 
thing. And  this  leads  me  to  a  little  other  digression,  having 
spoken  about  these  brass  buttons.  In  talking  to  the  men 
of  our  110th  Regiment  one  Sunday  night  I  dwelt  con- 
siderably upon  the  snappiness  of  the  British  soldier; 
that  no  matter  where  I  saw  him,  whether  I  saw  him 
coming  out  of  the  trench  in  front  or  anywhere  else,  he 
was  always  spick  and  span  and  clean,  and  if  wc  wanted 
to  be  successful  in  this  war  we  would  have  to  imitate 
that  discipline.  The  British  officer  following  me  said  it 
was  not  always  so;  the  British  soldier  went  into  France  a 
very  dirty  soldier,  but  when  the  order  came  down  that 
every  man  had  to  be  clean  all  the  time  the  men  all  mut- 
tered. "  What  bloomin'  idiot  got  off  that  idea?"  He 
said.  "After  we  had  the  mud  chiselled  off  our  boots  and 
we  were  washed  and  clean  we  realized  what  it  meant  to  be 
the  only  clean  things  in  that  section  of  the  country,  and 
we  have  been  clean  ever  since,  and  have  been  a  model  to 
everybody  else."  It  was  a  growth  of  this  war,  and  we 
must  grow  to  the  same  point — absolute  cleanliness, 
absolute  perfection  of  sanitation. 

Among  the  places  I  visited  on  the  front  was  Verdun. 
The  luss  on  both  sides  was  appalling,  and,  while  that 
fight  shook  the  strength  of  Germany  to  the  limit,  the 
men  that  France  lost  cannot  be  replaced.  That  coun- 
try for  miles  around  is  pock-marked  with  shell  holes. 
A  fort  which  was  considered  a  masterpiece  of  modern 
military  engineering,  built  of  reinforced  concrete,  ex- 
tending many  feet  under  ground,  was  pommelled  into 
atoms  by  the  German  artillery,  and  the  plucky  French 
soldiers,  while  the  pieces  were  coming  down  over  their 
heads,  dug  down  and  built  a  new  fort  of  rock  and 
granite  that  in  the  end  held  that  battle  line  and  won 
that  fight  for  France.  In  this  fort  you  might  think  you 
were  in  an  anthracite  coal  mine.  It  has  artificial  venti- 
lation. I  was  in  a  hospital  there  with  a  better  odor 
than  many  hospitals  built  on  the  surface  of  the  ground 
— perfectly  pure,  in  which  no  ray  of  sunshine  ever  en- 
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tcred.  After  we  had  wandered  all  thru  it — and  up  to 
that  time  I  was  the  only  American  general  officer  that 
had  gone  down  there — the  commander  said  he  would 
like  to  take  me  up  anil  show  me  the  top.  We  climbed 
up  and  Rot  out  on  top.  It  was  pouring  rain.  I  remem- 
ber it  because  it  was  my  sixty-second  birthday.  He 
said,  "  If  the  sun  were  shining,  you  and  I  would  not 
live  five  minutes  here,  but  I  guess  you  are  perfectly 
safe."  He  said,  "  You  can  wander  around  in  that  direc- 
tion and  not  go  down  again."  Afterward  I  said,  "  Major, 
why  did  you  have  tho>e  two  orderlies  follow  us  out 't  '* 
"  Well."  he  said.  "  to  carry  back  the  fellow  that  might  be 
hit."  I  saw  two  shell  holes  side  by  side  that  were  as  big 
as  this  room.  I  am  not  exaggerating.  That  is  the  kind 
of  shell  hole  that  is  put  thru  that  old  concrete  fort  under 
which  this  new  fort  was  being  built,  and  the  courage 
and  the  resolution  of  the  men  that  did  that  work  and 
the  engineers  who  designed  it  and  constructed  it  is,  to 
my  mind,  phenomenal.  No  wonder  the  French  called 
their  engineers  "  Genie,"  thinking  of  the  "  Arabian 
Nights  "  and  the  genie  that  came  out  of  the  vase  and 
accomplished  all  those  wonders.  They  are  the  perfec- 
tion of  mathematicians.  They  have  figured  out  the  in- 
fluence of  the  earth  on  a  shell  travelling  out  of  the 
cannon ;  how  much  farther  it  w  ill  shoot  north  than 
south;  how  much  the  height  of  the  moon  deflects  the 
shot,  and  w  hat  is  called  the  ultimate  error  of  the  cannon 
shot  is  disappearing  under  their  mathematics.  If  a 
commander  cannot  point  a  cannon  within  ten  feet  of 
the  shot  be  is  not  counted  a  success.  That  is  an  engi- 
neering triumph  and  mathematical  triumph  of  the 
highest  degree. 

Somebody  asked  me  to-night  how  they  located  the 
shots,  and  whether  by  aeroplanes.  I  said,  "  Not  alone. 
There  are  three  ways  of  doing  it— spot  flashing,  sound 
ranging,  and  then  the  aeroplane  to  check  both  up."  The 
most  uncanny  thing  is  sound  ranging ;  it  is  shooting 
around  the  corner,  surely.  They  have  a  very  delicately 
devised  wire  that  is  heated  red  hot,  and  so  sensitive  that 
if  you  blow  your  breath  on  it  it  goes  out.  They  put  up 
six  or  eight  of  these  wires  at  different  |>oints,  all  con- 
nected by  electricity  back  to  the  central  station,  and 
then  have  a  moving-picture  machine.  When  the  gun 
goes  off  a  button  is  pushed  and  the  moving-picture  ma- 
chine goes  into  action,  and  as  the  vibration  of  that  gun 
reaches  each  one  of  these  stations  there  is  a  little  quiver 
in  the  line  that  is  printed  on  that  film,  and  when  it  comes 
out  it  is  handed  over  to  the  officer,  ami  he  goes  to  a 
carefully  calculated  table  and  proceeds  to  locate  that 
gun  by  the  vibrations  taken  miles  away  from  w  here  the 
recording  instrument  was,  transmitted  underground  by 
wires  buried  six  feet  and  brought  back  to  this  little  en- 
casement of  his  and  printed;  and  those  little  strips  of 
paper  come  back  and  locate  the  gun  that  fired  that  shot. 
Then  he  proves  it  by  spot  flashing,  and  as  the  sound 
travels  from  one  place  to  another  a  number  of  people 
push  a  button,  and,  knowing  that  sound  travels  so 
many  meters  a  minute,  they  prepare  a  map  on  w  hich  to 
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locate  it.  Because  paper  expands  and  contracts,  they 
make  the  map  of  zinc  and  they  cut  the  paper  in  two- 
inch  squares,  so  that  nothing  in  accuracy  shall  be  lost 
by  the  exjwnsion  or  contraction  of  the  pajicr  under  heat 
and  dampness.  They  have  a  parabola  around  it  w  ith 
everything  calculated,  and  stretch  six  strings  around 
that,  and  w  hen  the  six  strings  get  over  the  same  spot 
there  is  the  gun,  and  when  the  other  six  strings  get  over 
there  they  are  sure  it  is  there,  and  then  they  get  the 
airman  to  fly  over  it,  and  he  can  see  if  they  are  right, 
and  it  is  nine  out  of  ten  if  they  drop  a  shot  over  there 
that  that  gun  goes  out  of  business.  That  is  engineer- 
ing gain.  That  is  progress  beyond  the  point  w  here  men 
set  up  a  right-angled  corner  to  set  up  a  stone  wall  to 
put  up  a  cheap  house. 

You  and  I  have  been  taught  to  believe  that  the 
French  are  the  most  mercurial  people  on  earth.  I  visited 
a  Frenchman  in  his  fortification  home  and  the  map  showed 
it  as  a  "  cabaret  dugout."  I  said,  "  General,  why  do  you 
call  it  that?"  "  Well,"  he  said,  "because  nobody  here 
sings  or  dances."  And  while  he  was  working  in  that  little 
room  a  ship's  clock  struck  six  bells,  and  I  straightened  up 
and  I  said,  "  That  is  a  singular  sound  here."  He  said, 
"  That's  a  touch  of  home ;  I  am  thinking  of  my  wife."  He 
had  brought  from  his  home  that  little  ship's  clock  lliat 
would  carry  him  back  to  Bordeaux,  and  once  every  hour 
for  a  moment  his  heart  went  back  home  and  the  other 
fifty-nine  minutes  it  was  pounding  shells  into  the  boche. 

I  have  visited  all  the  training  schools — or  a  training 
school  in  ever)-  army  over  there.  I  have  already  said  to 
you  that  1  saw  nothing  equal  to  the  engineering  work  that 
Colonel  Snyder  has  done  dow  n  at  Augusta ;  but  at  one 
of  the  French  schools  I  saw  a  thousand  boys  of  eighteen 
out  one  morning  at  drill  with  ice  on  the  ground,  stripped 
to  the  belt,  and  not  a  thing  on  above  their  breeches,  sing- 
ing and  working  and  drilling  as  if  they  were  at  a  Sunday- 
school  picnic  on  the  Fourth  of  July.  I  tell  you.  when  we 
can  drill  American  hoys  up  to  that  jwint— when  they  w  ill 
go  out  when  it  is  cold  enough  to  freeze,  with  ice  all  around 
them,  and  go  at  their  work  without  clothes  on.  then  they 
will  produce  results. 

They  say  that  the  French  are  ameinic  and  tubercular. 
There  are  not  many  of  those  now.  Man  for  man,  they 
are  better  than  the  German  boys  captured  at  the  Chemin 
des  Dame*  light  of  the  same  age.  They  are  healthy  and 
muscular.  Xo  effort  is  made  to  make  specialists.  They 
go  in  for  all-round  development.  They  have  learned  that 
socialists  have  prolonged  this  war  and  they  are  doing 
away  with  them.  An  instructor  is  detailed  to  every  thirty- 
two  to  forty-eight  men  who  takes  them  from  the  setting-up 
exercises  to  the  latest  type  of  machine  gun.  When  a  boy 
ha*  left  that  school  he  has  covered  the  whole  course  of 
instruction;  he  is  not  a  specialist,  but  a  universalis!  in 
everything  that  pertains  to  military  art.  That  is  one  of 
the  le-sons  that  three  years  of  warfare  have  taught  them. 
It  is  the  man  who  studies  it  all  that  is  able  to  do  it  all. 
and  he  does  it  all.  I  saw  a  man  fire  eleven  shells  from 
a  Stokes  mortar  and  had  them  all  in  the  air  at  one  time 
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before  one  struck  the  ground,  and  not  only  that,  but 
his  assistant  trained  the  gun  so  accurately  that  they  al- 
most struck  in  a  mathematical  line.  To  do  that  you 
have  to  move  your  lingers  pretty  fast  to  get  them  out 
of  the  road.  The  shell  that  goes  into  a  Stokes  mortar 
has  a  little  ordinary  shot-gun  cartridge  at  the  bottom  of 
it,  and  when  that  drops  into  the  mortar  it  hits  a  pin 
that  sets  off  the  little  percussion  cap,  and  that  little  cap 
fires  the  shot  out  of  the  gun  and  then  it  commences  to 
unwind  the  paper  fuse  that  goes  out.  and  when  that  is 
unwound  the  business  begins,  and  if  it  unwinds  too  fast 
they  have  a  funeral  for  the  fellow  that  tires  it. 

The  British  engineers  have  perfected  barrage  work. 
I  wish  I  coidd  show  you  a  diagram  that  is  issued  to  an 
artillery  commander  from  the  chief  engineer's  office  tell- 
ing him  how  to  put  down  his  barrage  in  a  certain  fight , 
and  then  he  calculates  it  out  according  to  all  this  modem 
figuring  with  regard  to  artillery  range  in  a  way  that  pro- 
duces results.  They  were  successful  in  their  last  two  raids 
because  they  had  invented  a  new  s|iecie.s  of  barrage  tire 
which  I  am  not  permitted  to  say  anything  about,  except 
to  say  that  it  is  the  highest  kind  of  engineering  art,  and 
it  rendered  the  whole  front  absolutely  untenable  to  the 
Germans.  When  the  British  reached  their  objective  there 
was  not  a  living  boehe  nor  any  to  upset  their  reversing 
these  entrenchments.  What  is  known  as  consolidation 
was  equally  accomplished  by  the  result  of  the  mathe- 
matical accuracy  of  this  new  sy-tem  of  barrage  work. 
You  all  know,  of  course,  that  a  barrage  is  a  line  of  shell 
fire  timed  to  fall  in  a  reasonably  straight  line.  There  is  a 
variation,  perhaps,  of  75  to  100  yards  in  the  width  of 
that,  and  that  is  made  intensive  or  light,  in  accordance 
as  the  men  move  forward  or  backward.  They  have  a 
system  of  signalling  which  is  more  or  less  elaborate,  the 
meaning  of  which  has  to  be  changed  every  day  to  get  rid 
of  the  spies;  and  they  have  now  added  to  that  the  inten- 
sity of  machine-gun  fire  in  the  much-despised  Lewis  gun, 
which  in  every  army  but  ours  is  considered  perfection 
as  a  military  piece.  Our  misfortune  was  that  when 
they  used  them  on  the  Texas  border  they  furnished  us 
w  ith  condemned  ammunition  and  that  did  not  work.  They 
use  them  over  there  with  good  results,  and  they  have 
effectively  added  to  the  results. 

When  I  was  on  the  American  front  I  went  out  and 
visited  the  American  training  school  that  Colonel  Up- 
ton had  put  in  without  sufficient  help;  he  was  abso- 
lutely working  with  his  own  hands,  with  pick  and 
shovel,  to  get  the  thing  done,  and  yet  producing  results 
far  beyond  any  work  I  saw  of  anyone.  Give  the  Ameri- 
can an  opportunity  and  he  "  comes  across  "  with  whatever 
has  to  be  done.  He  takes  the  three  years'  experience  of 
his  brother  and  pushes  it  ahead  beyond  anything  he  has 
had,  and  these  schools  are  the  wonder  of  the  Allied  forces. 
The  intensity  of  interest  with  which  those  men  of  ours- 
officcrs  and  enlisted  men  side  by  side — take  up  and 
carry  on  the  instruction  given  them  is  simply  wonderful 
to  the  French  and  English  officers.  The  accuracy  of 
their  rifle  fire  is  truly  commendable.   They  are  drvelop- 
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ing  that  spirit  that  must  prevail  all  over  in  this  war  and 
in  this  country,  that  the  men  must  be  taught  the  whole 
object  of  the  attack  is  to  kill.  He  must  be  systematically 
taught  that  when  he  sticks  his  bayonet  in  the  sack  of  sand 
he  must  growl  like  a  dog.  He  does  it.  1  have  seen 
men  run  250  yards  and  stab  four  successive  rows  of 
dummies,  jump  down  in  a  trench  six  feet  deep  and  with 
their  rifles  put  eight  out  of  ten  shots  in  the  bull's  eye. 
One  would  think  that  they  would  be  completely  winded. 
The  men  who  did  this  shooting  had  a  little  bit  of  a 
target,  because  the  range  was  not  great.  They  gather 
those  all  up  and  count  the  hits,  and  the  fellow  that 
does  not  make  fifty  per  cent,  has  to  start  and  do  the 
work  all  over. 

Somebody  asked  me  to-day  whether  engineering 
was  dangerous;  he  was  a  reporter  on  one  of  the  city 
papers.  I  said  that  the  engineering  work  back  of  the 
salvage  dump  is  not  particularly  dangerous,  but  if  it  is 
the  engineer's  duty  to  lay  out  a  line  of  front  trenches  the 
minimum  of  loss  is  150  per  cent.  In  other  words,  if 
twenty  men  ordered  to  map  out  a  trench  go  over  the 
ground  with  white  ta|ie  so  that  it  can  be  seen  at  night, 
thirty  of  them  will  be  killed  before  the  twenty  lay  the 
work  out,  In  credit  to  the  engineer,  be  it  said  that  there 
are  two  men  to  go  over  for  every  man  that  falls.  The 
aeroplane  only  has  them  beaten  15  per  cent.;  165  per 
cent,  of  them  die.  Aeroplane  losses  seem  very  small 
as  they  appear  in  the  papers,  but  there  are  ten  men  on 
the  ground  for  one  in  the  air.  Taking  the  loss  of  just 
those  in  the  air :  it  is  165  per  cent,  of  those  that  go  up. 
This  gives  a  little  idea  of  the  great  seriousness  of  this 
fight. 

If  you  were  to  walk  the  streets  of  Paris  and  see 
three  out  of  five  women  in  black,  and  almost  every  man 
wearing  black  on  his  arm  and  you  mingle  with  those 
people,  you  w  ould  find  no  smiles,  but  a  stern  determina- 
tion that  there  can  be  but  one  end  to  this  conflict. 
Somebody  asked.  "  Is  it  true  that  France  is  bled  white?  " 
1  replied,  "  Yes.  true  in  one  way;  they  nearly  froze  last 
winter."  In  1916  they  had  no  fields  cultivated.  It  be- 
came necessary  to  take  men  from  the  army  and  have 
them  go  home  and  plow.  They  bad  to  make  some  pro- 
vision to  get  coal.  They  have  raised  the  allowance  to 
960  pounds  of  coal  for  every  month  for  a  family  of  four 
persons.  You  know  what  that  means  from  the  little 
experience  we  had  last  week.  And  that  is  all  you  can 
get,  rich  or  poor.  Yet  they  take  it  stoically.  I  took 
luncheon  one  day  in  Paris ;  it  was  a  meatless  day  and 
I  invited  a  lady — a  relative  of  a  friend  of  mine.  We 
went  to  a  little  fish-hoiise.  I  never  take  sugar  in  my 
coffee.  She  asked  me  for  the  sugar  and  she  put  it  in 
her  pocketbook.  She  said  to  me,  "  I  suppose  that  is 
funny  to  you."  I  said,  "  Surprising — not  funny."  She 
said,  "  You  know  if  sugar  was  to  be  bought  I  could 
buy  it."  I  said.  "  Yes,  1  have  no  doubt  about  that." 
"  But,"  she  said,  "  I  cannot  buy  any  sugar,  and  so  I 
am  going  to  use  yours."  I  said,  "  Now  I  know  why 
the  waiter,  when  he  waits  on  me.  dumps  the  sugar  in 
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his  pocket."  She  said,  "  That  is  the  biggest  tip  he- 
gets."  They  meet  this  sacrifice  with  absolute  cheerful- 
ness; they  stand  up  to  it  bravely. 

1  had  a  young  French  officer  assigned  to  me.  He 
was  a  schoolboy  when  the  war  broke  out.  He  was  a 
private.  He  is  a  captain  now.  He  had  not  smiled  in 
three  years,  he  said.  He  bad  not  seen  his  father  in  a 
year  and  a  half,  and  I  ran  thru  to  Paris  with  him,  just 
to  let  him  see  his  father.  He  protested  that  it  was  not 
according  to  his  order.  When  I  started  he  said, 
"  Where  are  we  going?  "  I  said,  "  You  arc  going  to  see 
your  father."  I  took  him  and  he  called  to  sec  his  father 
and  bad  dinner  with  him,  and  the  next  morning  we  went 
back  and  he  said,  "  That  is  the  first  1  have  seen  my  father 
and  mother  in  two  years."  And  yet  he  had  never  been 
more  than  fifty  miles  away.  He  had  seen  all  the  men  in 
Verdun  lose  their  lives,  but  he  had  a  perfect  determina- 
tion that  he  would  not  go  back  to  his  profession  until 
this  war  was  won. 

I  met  a  French  captain  who  had  three  sons  in  the 
army.  He  was  retired  and  he  cried  like  a  child  because 
he  would  not  be  permitted  to  right  on.  He  had  already 
k»t  two  sons  and  two  brothers,  but  that  did  not  count;  he 
wanted  to  go  on  "  for  the  glory  of  France  and  the  liberty 
of  the  world!"  Those  are  the  types  of  men  we  have  to 
fight  with.  We  have  got  to  bring  ourselves  up  to  that 
standard.  We  must  make  the  peopte  of  this  country 
realize  that  the  game  is  the  biggest  ever  played,  that 
the  stake  is  life,  liberty,  and  democracy— the  biggest 
jack-pot  that  was  ever  opened — and  we  have  to  stay  in 
until  the  other  side  throws  down  their  cards  and  the 
victory  is  ours.  There  can  be  no  doubt  about  the  re- 
sult if  we  in  the  United  States  loyally  stand  by  the  Govern- 
ment, swallowing  all  imperfections. 

That  there  will  be  some  imperfections  is  only  natural. 
Let  us  do  all  we  can  to  help  send  our  soldiers  across  the 
water  as  fast  as  possible,  trusting  to  luck  that  the  pro- 
visions get  over  there  to  take  care  of  them,  realizing 
that  the  victory  can  come  only  thru  man  power  and 
brain  power;  that  the  aeroplane,  the  hand  grenade,  and 
the  bomb  are  auxiliaries  and  auxiliaries  only.  The 
French  and  the  Rritish  have  learned  that  the  moment 
a  man  has  to  rely  on  a  hand  grenade,  he  relies  entirely 
on  that  and  be  will  not  fight.  They  have  to  be  taught 
and  <»ur  men  have  to  be  taught  that  there  has  been  no 
improvement  in  military  tactics  since  old  General  For- 
rest, who  used  to  say  that  the  only  sure  way  to  win  a 
battle  was  to  "  get  there  firstest  with  the  mostest."  It 
was  bad  grammar  but  sound  doctrine.  We  have  to  get 
the  most  men  there  in  the  quickest  time  and  have  men 
with  brains  to  win  this  war.  Everything  else  is  an 
auxiliary.    The  cost  is  terrific. 

I  have  carefully  avoided  telling  you  anything  of  the 
wreckage  I  saw.  I  am  only  going  to  tell  one  little  inci- 
dent. While  coming  in  from  the  battle  of  Chemin  des 
Dames,  at  a  little  station  on  the  road  a  doctor  rushed 
out  and  waved  to  the  car  to  stop  and  then  hesitated 
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because  he  saw  a  general  in  it.  and  1  asked.  "  What  do 
you  want  r  "  or  rather  I  had  somebody  say  it  in  French. 
He  replied  that  he  had  an  officer  who  had  been  badly 
wounded  and  he  wanted  to  have  him  taken  back  to  a  hos- 
pital. The  trip  was  about  seven  miles.  We  took  the  of- 
ficer in  the  car,  and  as  we  did  so  he  was  about  to  faint. 
When  he  saw  who  was  holding  him  he  said.  "  This  won't 
do;  a  first  lieutenant  cannot  tie  held  by  a  General."  I 
said,  "  Don't  worry'  about  that.  Tell  us  how  it  happened." 
He  said,  "  Well,  we  went  up  over  the  top,  and  there  was 
just  one  roll  on  the  machine  gun  and  the  captain  was 
dead."  He  began  cry  ing.  He  said.  "  I  am  not  crying  for 
myself,  but  for  the  captain ;  he  left  a  wife  and  three  chil- 
dren." He  continued.  "  This  is  the  fourth  time  I  have 
been  wounded.  I  will  be  back  in  the  spring."  But  I 
could  read  the  tag  and  I  knew  he  will  not  be  back,  because 
he  will  have  to  sacrifice  one  arm. 

Incidentally  we  went  thru  and  looked  at  the  wreckage. 
The  right  had  not  been  over  more  than  two  hours  and 
there  were  over  a  thousand  men  back  at  that  hospital  sev- 
eral miles  from  the  front,  under  the  care  of  surgeons. 
.Many  of  them  were  Americans.  Word  went  forth  that 
an  American  general  was  going  thru,  and  one  doctor 
from  America  came  back  to  speak  to  me.  He  said,  "  I 
am  operating  on  an  abdominal  case.  I  must  talk  to 
vou.  1  want  you  to  carry  the  message  back  over  to 
America  that  we  are  not  getting  operating  garments 
enough.  We  have  used  fifty-four  to-day  and  it  is  only 
noon,  and  from  now  on  we  will  have  to  use  bloody  ones," 
and.  he  said,  "  You  know  all  the  dangers  from  that."  I 
say  the  message  is  that  the  Red  Cross  cannot  work  too 
bard  and  too  zealously.  Make  up  your  minds  that 
your  American  boys  over  there  are  going  to  be  well 
looked  after.  There  is  absolutely  no  excuse  for  venereal 
troubles;  that  is  all  bosh;  a  carefully  handled  division  will 
not  have  it.  It  is  the  commanding  officer's  duty  to  sec 
that  his  men  arc  healthy,  and  that  is  being  met  splendidly 
across  the  water.  Trust  your  boy  there,  if  you  have  one; 
if  not.  tell  your  neighbor  to  trust  his  boy  over  there. 
He  can  be  made  safe  against  venereal  disease.  He 
cannot  be  made  safe  against  bullets ;  that  is  a  risk  of  the 
gun.  Pneumonia  and  the  bullet  are  the  only  two 
things  you  need  to  fear.  Pneumonia  in  that  country,  I 
am  afraid,  is  not  a  preventable  disease.  It  can  be  re- 
duced very  much  if  we  properly  equip  and  protect  our 
men ;  but  we  must  get  them  there,  my  friends,  and  with  i 
consciousness  of  the  engineering  art  and  science  as  evi- 
denced by  the  military  engineers  of  the  French  and  British 
armies  they  will  pave  the  way  to  ultimate  success.  Any- 
one who  has  studied  the  fight  of  Passchendaele  Ridge 
and  saw  those  Australians  deliberately  climb  to  that 
summit  in  order  that  they  might  sleep  somewhere 
where  the  mud  was  not  deep  enough  to  bury  them 
realized  the  courage  back  of  that  movement.  Anyone 
could  admire  the  French  general  who  carried  them  to 
victory  at 'Chemin  des  Dames  when  he  said  to  the  army 
commander,  "  This  fight  cannot  come  off  on  the  22d  of 
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INTRODUCTION 

IF  the  complete  history  of  Independence  Square  were 
known  it  would  undoubtedly  he  found  that  there 
have  been  many  proposals  to  change  or  restore  the 
lighting  and  other  features  of  the  place  to  give  it  a  more 
historical  air.  In  only  one  such  effort  of  some  three  or 
four  years  ago  are  we  interested,  when  the  City  of 
Philadelphia,  in  cooperation  with  the  Philadelphia 
Chapter  of  the  American  Institute  of  Architects,  under- 
took the  partial  restoration  of  the  Square ;  partial  be- 
cause its  complete  restoration  is  impracticable.  For 
example,  in  about  1800  and  just  prior,  there  was  a  brick 
wall,  8  to  10  feet  high,  with  a  huge,  unsightly  gate  on 
Walnut  Street,  in  the  center  of  the  block.  Previous  to 
this  there  was  an  old  wooden  fence  and  the  grounds 
were  unkept.  When  the  Declaration  of  Independence 
was  read  to  the  assembled  crowd  on  the  8th  of  July, 
1776.  there  was  an  unsightly  wooden  platform  near  the 
center  of  the  Square  that  had  been  erected  in  1768-6*?, 
on  the  proposal  of  the  American  Philosophical  Society, 
upon  which  a  telescope  had  been  mounted  to  observe  a 
transit  of  Venus.  The  purpose  of  the  restoration  was 
rather  to  make  such  changes  as  would  tend  to  restore 
and  maintain  the  historical  appearance. 

Various  lighting  schemes  were  proposed  at  first,  but 
after  much  discussion  two  things  were  decided  upon: 
one  that  the  illuminant  should  be  gas,  and,  secondly, 
that  the  type  of  post  and  head  used  in  Philadelphia  the 
last  quarter  of  the  eighteenth  century  should  be  adopted. 
Three  factors  decided  in  favor  of  gas.  L'nder  the  lease 
agreement  existing  between  the  gas  company  and  the 
city,  the  latter  could  maintain  the  lights  very  cheaply. 
Also,  the  cost  of  new  piping  would  he  less  than  con- 
duits. It  was  agreed  by  all  concerned  that  the  same 
illuminating  effects  could  be  obtained  with  gas  as  with 
electricity,  so  there  was  no  choice  in  this  respect. 

To  determine  the  type  of  post  and  head  in  use 
around  and  just  prior  to  1800  proved  to  be  rather  diffi- 
cult, at  least  in  detail.  There  is  no  detailed  description 
of  the  lighting  in  Philadelphia  at  that  time  known  to 
exist.  Birch's  Views  of  Philadelphia,  published  in 
1800,  show  many  posts  and  lamps,  but,  while  there  is 
a  general  similarity,  the  details  differ.  It  is  hard  to 
proportion  a  head  from  them.  Several  different  styles 
of  posts  are  shown ;  one  is  a  straight  wooden  post,  ap- 
parently nothing  but  an  extended  curb  post  tapering 
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slightly  toward  the  top.  Another  is  the  ordinary  curb 
post  with  a  smaller  pole  set  in  the  top,  giving  an  appear- 
ance much  like  the  post  finally  installed  in  the  Square. 
These  have  goosenecks  at  the  tops.  A  few  lamps  are 
supported  directly  at  the  base  without  the  gooseneck. 
This  is  especially  true  of  those  on  the  top  of  the  watch- 
houses,  one  of  which  is  shown  in  front  of  the  State 
House  Cast-iron  posts  did  not  COOK  into  USe  until  a 
later  date,  probably  when  gas  became  generally  used 
for  street  lighting.  It  should  be  remembered  that  the 
pictures  are  all  according  to  some  artist's  fancy,  and 
hence  it  is  not  surprising  that  the  lamps  should  vary  in 


FIG.  I.— INDIVIDUAL,  LAMP  AND  POST 


proportions,  as  they  were  of  minor  importance  to  him 
in  the  landscape.  <  >nc  thing  is  fairly  certain :  a  com- 
mon type  of  lamp  was  in  use  thruout  the  city  at  the 
time.  An  old  lamp  head  was  found  that  helped  con- 
siderably to  give  the  exact  dimensions.  Fig.  1  shows 
the  type  of  lamp  and  |*>st  finally  installed  in  the  Square. 
It  is  characterized  by  its  extreme  simplicity,  contrast- 
ing strongly  with  the  more  ornate  units  frequently  used 
to-day.  Fig.  2  shows  a  lamp  suspended  by  a  bracket 
from  the  corner  of  one  of  the  State  House  wings. 
Fig.  3  shows  a  suspended  unit  in  one  of  the  arcades 
connecting  the  two,  while  Fig.  4  is  a  general  view  along 
the  west  side  of  the  Square  to  show  a  row. 
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HISTORICAL 

It  lias  been  well  said,  "  For  every  one  that  doeth 
evil  hateth  the  light,  neither  cometh  to  the  light,  lest 
his  deeds  should  he  discovered."  1  Such  indeed  is  the 
motive  of  early  street  lighting.  In  the  Laws  of  Penn- 
sylvania, 1700  1775.  page  414.  wc  find  in  a  law  passed 
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PIG.  2. — INDIVIDUAL  BRAC  KET  LAMP  ON  CORNER  OP  WING  TO 
STATE  HOUSE. 

March  9,  1771,  for  regulating  and  continuing  the  nightly 
watch,  enlightening  the  streets,  lanes,  and  alleys  of  the 
City  of  Philadelphia,  the  following  preamble :  "  Whereas 
the  well  ordering  and  regulating  the  Watch  and  en- 
lightening the  Streets,  Lanes,  and  Alleys  in  the  Night 
Time,  within  the  City  of  Philadelphia,  have  been  found 
on  Experience,  very  necessary  to  prevent  Fires,  Mur- 
ders, Burglaries.  Robberies.  Breaches  of  the  Peace,  and 
other  Outrages  and  Disorders ;  therefore  be  it  enacted, 
etc."  In  this  act  wardens  were  appointed  with  broad 
powers  to  have  charge  of  the  watchmen  and  street 
lamps.  The  street  lamp  of  early  Philadelphia,  the  pro- 
totype of  those  standing  to-day  in  Independence  Square, 
faint  and  flickering  tho  it  was.  demands  much  credit.  A 
beacon  to  guide  the  traveler  safely  along  his  way,  it 
loosened  the  bolt  which  twilight  fastened  for  the  night. 
It  calmed  the  fears  of  the  family  huddled  within,  lest  some 
wandering  band  of  incendiaries  should  set  fire  to  the 
house.  It  encouraged  that  social  and  intellectual  in- 
tercourse of  t'le  evening  hours  so  essential  to  our  modern 
welfare. 

It  is  important  to  note  that  the  type  of  head  first 
used  in  Philadelphia  was  round,  and.  locally,  the  square 
head  is  an  outgrowth  of  it.  These  were,  for  a  while, 
private  lamps  maintained  by  property  owners.  We 
read  in  Watson's  Annals  of  Philadelphia,  vol.  1,  page 
102,  a  statement  of  a  Robert  Yenablc.  an  old  colored 
resident  of  Philadelphia,  thai  "the  first  lamp  be  ever 
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saw  in  the  street  was  round  and  was  set  up  before 
Clifton's  door — a  large  two-story  brick  house  of  double 
front,  at  the  southeast  corner  of  Clifton's  Alley  (since 
called  Drinker's)  and  Second  Street,  below  Race."  On 
page  212  we  learn  that  in  1751  an  act  was  passed  for  a 
nightly  watch  and  for  enlightening  the  city.  The  full 
title  was,  "  An  act  for  the  better  regulating  of  the 
nightly  watch  within  the  city  of  Philadelphia,  and  for 
enlightening  the  Streets,  Lanes,  and  Alleys  of  the  said 
city,  and  for  raising  of  money  on  the  inhabitants  of  the 
said  city,  and  for  defraying  the  necessary  expenses 
thereof."  On  the  3d  of  October,  1751.  the  Pennsyli-ania 
Gazette  announced  that  on  Monday  last  the  streets  be- 
gan to  be  illuminated  with  lamps  according  to  the  act. 
In  the  same  issue  we  read.  "  Last  week  a  person  was 
convicted  of  breaking  one  of  the  public  lamps  by  throw- 
ing an  apple  at  it  and  paid  a  fine  of  40  shillings."  In 
the  act  of  1771,  already  referreil  to,  a  penalty  of  25 
pounds  was  provided  for  wilfully  injuring  the  lamps. 

( )berholtzer's  History  of  Philadelphia,  vol.  1.  page 
185,  says  that  the  first  street  lamps  used  whale  oil  and 
had  round  globes.  They  were  sometimes  hung  out 
from  buildings  or  on  poles  in  the  street  or  on  the  pumps. 
(  >n  page  230  he  says  that  in  1767  there  were  320  public 
lamps.  At  this  time  the  population  of  Philadelphia 
was  about  26,000. 

Prior  to  the  establishment  of  public  lamps  there 
were  undoubtedly  quite  a  number  of  private  street 
lamps,  inasmuch  as  contributions  were  made  toward 
hiring  a  man  to  light  and  maintain  them.    Scharf  and 


PIG.  J  —UNIT SUSPENDED  IN  AN  ARCADE  TO  THE 
STATE  HOUSE. 


Westcott.  in  their  History  of  Philadelphia,  vol.  3, 
page  874,  say.  concerning  the  private  lamps,  "A  few 
street  lamps  were  then  put  up.  owned  by  private  citi- 
zens, who,  finding  it  troublesome  to  attend  to  them, 
met  in  consultation  and  agreed  to  pay  a  man  a  certain 
monthly  sum  (each  three  shillings  and  nine  pence,  says 
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John  Smith  iti  his  manuscript  journal)  to  light  them 
nightly." 

In  the  Gazette  for  May  30,  1751,  there  is  an  adver- 
tisement of  some  merchandise  by  a  John  Clifton  "at 
the  Two  Lamps  in  Second  Street  between  Arch  and 
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Race  Street,"  showing  that  anyone  having  two  lamps 
furnished  a  distinguishing  mark.  This  is  undoubtedly 
the  John  Clifton  that  Benjamin  Franklin  says,  in  his 
autobiography,  was  the  first  person  to  im- 
press upon  the  people  the  utility  of  street 
lighting  by  placing  one  at  his  door.  Franklin 
also  says  the  original  globe  lamps  were  first 
supplied  from  London.  The  writer  has  been 
unable  to  find  a  picture  of  the  street  lamps 
used  in  London  at  this  time,  which  were  un- 
doubtedly copied  closely  by  those  imported. 

Franklin  says  in  his  autobiography  that  at 
the  time  of  his  going  to  England  in  1757  an 
act  was  pMMd  for  paving  and  enlightening 
the  streets.  This  the  writer  has  been  unable 
to  verify.  From  what  has  been  said  above,  it 
cannot  mean  the  date  of  the  original  installa- 
tion, as  1751  seems  to  be  confirmed  beyond  a 
doubt.  A  supplement  to  the  original  Watch 
and  Lighting  Act  was  passed  early  in  1757, 
but  it  did  not  concern  the  lighting.  There  is 
a  reference  at  this  point  in  the  autobiography 
to  "  See  Votes."  meaning  the  "  Votes  of  the 
Assembly  "  of  the  Province  of  Pennsylvania. 
We  would  call  them  now  the  official  proceed- 
ings. A  search  of  these  records  around  that  date 
failed  to  confirm  his  statement,  as  did  a  search  of  the 
"Laws  of  Pennsylvania."  1700-1775.  The  mistake  is 
perhaps  not  surprising,  tho,  when  wc  take  into  con- 
sideration the  reminiscent  nature  of  the  autobiography 
in  question  and  the  difficulty  under  which  w  as  w  ritten 


the    latter   portion    wherein   the    statement  occurs. 

As  is  well  known.  Franklin  made  two  improvements 
in  the  original  globe  lamps.  ( >ne  was  replacing  the 
original  round  head  by  four  Hat  panes  to  lessen  the 
expense  of  breakage,  and  the  second,  the  placing  of  a 
long  funnel  above  the  lamp  to  draw  up  the 
smoke,  crevices  being  placed  at  the  base  to 
facilitate  the  admission  of  air.  The  whale-oil 
lamps  then  in  use  were  extremely  smoky,  and 
the  added  ventilation  greatly  improved  the 
cleanliness  and  utility  of  tin-  lamp.  The  time  of 
the  change  from  the  round  to  the  square  head 
is  not  known.  The  type  of  head  finally  installed 
in  the  Square  is  undoubtedly  that  designed  by 

Franklin  himself. 

Lamps  with  square  or  hexagonal  heads  were 
very  common  in  early  street  lighting  abroad, 
being  developed  from  the  early  lanterns,  which 
were  usually  square  or  rectangular,  and  they 
underwent  an  evolution  which  it  is  doubtful 
was  influenced  by  our  local  trend.  The  earliest 
lamps  were  either  mounted  against  a  wall  or 
were  Supported  out  on  brackets  from  it.  While 
the  shape  of  the  head  may  not  be  original  with 
Franklin,  this,  together  with  his  added  sugges- 
tions concerning  ventilation,  made  a  distinct 
advance  in  the  improvement  of  the  early  oil 
street  lamp. 

Enough  has  probably  been  said  to  give  the  lighting 
of  Independence  Square  its  proper  setting  in  the  local 


Pro  S  -NIGHT  VIEW  OP  THE  SQUARE. 

history  of  public  illumination.  No  attempt  has  been 
made  to  develop  the  history  of  the  subject  in  a  system- 
atic manner.  That  is  far  beyond  the  scope  of  the 
present  paper.  From  the  torch  carrier  to  the  mantle 
and  the  filament  seems,  in  its  scope,  like  a  completed 
evolution.    History  is  but  repeating  itself.     We  are 
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in  the  portc-flambcau  period  </f  modern  street  lighting : 
that  period  when  most  of  our  vehicles  carry  their  own 
powerful  lights.  Can  wc  not  expect  that  we  will  have 
eventually  such  good  and  universal  lighting  of  our  city 
and  country  streets  that  such  good  and  universal  lights 
need  only  be  bright  enough  to  be  safety  markers? 

Description  of  thk  Installation. 

There  are  sixty-two  lamps  in  all — thirty-six  in  the 
Square  and  twenty-six  on  the  adjoining  streets.  Tlu 
lamps  average  about  "5  feet  (23  metres),  center  to 
center.  The  lighting  is  designed  to  give  a  uniform, 
moderately  high  illumination  in  most  parts  of  the 
Square  and  a  somewhat  higher  illumination  at  the 
street  corners,  in  the  middle  of  the  Square,  and  in  the 
plaza  near  the  tower.  The  units  had  to  be  arranged 
so  as  to  interfere  as  little  as  possible  with  trees  and 
tree  roots  and  at  the  same  time  t>i  be  symmetrical. 
Two  are  hung  in  the  arcades  to  the  State  House  and 
four  bracket  lamps  are  on  the  southerly  comers  of  the 
wings.  Entirely  new  gas  piping  was  laid  thruout  the 
Square.   Fig.  5  is  a  night  view  of  the  Square. 

The  lamps  as  installed  seem  rather  glaring,  ami 
from  that  standpoint  the  use  of  some  opal  would  be 
justified.  On  the  other  hand,  they  would  not  look  so 
simple  and  historical,  especially  during  the  daytime, 
when  opalware  would  be  very  conspicuous.  A  distribu- 
tion curve  of  a  unit  is  given  in  Fig.  6. 

The  illumination  on  a  horizontal  plane  3  feet  high 
varies  from  a  maximum  of  2  to  3  foot-candles  directly 

,  H'uitruti-nis  ci'urli'.iy  of  the  I 


OF  PHILADELPHIA 

beneath  the  units  to  a  minimum  of  0.02  to  0.05  in  the 
darkest  spots.  The  Square  is  heavily  shaded,  and  it 
was  difficult  to  avoid  the  dense  foliage  in  placing  the 
lamps.  There  is,  how  ever,  plenty  of  light  for  adequate 
policing,  w  hich  is  of  primary  importance. 
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CONCLUSION 

The  historical  lighting  of  Independence  Square  is 
of  especial  interest  because  of  its  association  with  the 
name  of  Franklin.  Our  information  is  all  too  meagre. 
A  few  passing  remarks  written  by  himself  at  the  close 
of  a  busy  life  is  all  we  know .  The  lighting  stands  a 
simple,  yet  fitting,  memorial  to  that  illustrious  name 
and  to  the  historic  period  of  the  Revolution. 
ir<f/inrn'riy  F.ngitu-frituj  .VmiV/y  t 


UNITED  STATES  ENGINEER  TROOPS  IN  FRANCE 
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October;  there  is  stdl  danger  ahead  of  destroying  our 
men  ;  w  e  must  have  another  day  "  ;  that  showed  the  care 
that  the  general  was  taking  of  his  enlisted  men. 

May  I  say  that  the  best  meal  I  ate  in  France  was 
cooked  forty  feet  under  ground,  in  the  home  of  this  gen- 
eral, living  there,  figuring  on  what  was  to  come  to  France 
after  the  war  was  over,  considering  all  the  social  dangers 
thru  which  they  would  have  to  go,  and  accumulating  a 
fund  from  his  rich  friends  in  France,  that  each  man 
that  went  back  might  have  a  handsome  sum  of  money  to 
help  him  and  bis  family ;  he  map|K-«l  out  a  fight  that  was 
absolutely  successful.    I'.efore  every  right  the  whole  plan 


is  carefully  gone  over  with  some  representative  of  the 
Government  in  Paris,  and  every  chance  is  carefully 
considered,  and  they  are  fighting  with  a  determination 
and  a  persistence  at  the  end  of  three  years  just  as  great 
as  it  was  in  1914,  when  JorTrc  and  Foch  pushed  their 
men  out  in  automobiles  and  stemmed  the  German  tide 
by  flesh  and  blood,  against  all  the  machinery  of  the  Ger- 
man Empire.  I  think  if  we  could  only  look  ahead  and 
see  into  the  future  we  would  resolve  ourselves  with  new 
energy  to  the  task  that  is  before  us.  There  can  come  no 
peace  until  the  Stars  and  Stripes  are  on  the  east  bank 
of  the  River  Rhine. 
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OFFENSIVE  AGAINST  THE  SUBMARINE 

By  JOSEPH  A.  STEINMETZ,  A.S.M.E.,  S.A.E. 

PRESIDENT  AERO  CIXB  OK  PENNA. 
MEMBER  SUBMARINE  DEFENCE  ASSOCIATION 


THE  shipping  world  is  threatened  with  extinction 
by  this  greatest  of  danger,  the  enemy  sulxmarinc, 
which  even  to-night  may  be  lurking  beneath  the 
wintry  seas  just  outside  our  ports,  ready  to  strike  our 
ships  their  death-blow. 

Millions  of  tons  have 
gone  down  and  thousands 
of  lives  have  been  lost  and 
the  havoc  continues. 

The  departments  of  gov- 
ernment, the  national  engi- 
neers and  workers,  and  the 
unhappy  inventors  are  grap- 
pling with  this  dread  prob- 
lem, grimly  and  resolutely, 
and  the  menace  will  be 
squarely  met. 

If  we  do  not  get  the 
enemy  submarines,  they  will 
get  us!  There  is  not  a 
moment  to  debate  nor  a 
minute  to  waste!  Thou- 
sands of  lives  and  billions  of 
treasure  arc  at  stake.  To  date  more  than  800  craft  have 
been  torpedoed. 
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lireat  improvement  in  reduction  of  sinkings  has  been 
recorded  since  last  April,  when  a  total  of  55  ships  were 
sent  to  the  bottom  in  one  week. 

In  May,  when  our  destroyers  went  in,  and  during  the 
summer  the  sinkings  dwindled,  and  with  the  improved 
armament  and  speed  of  the  commerce  ships  conditions 
are  bettering.  The  British  Prime  Minister,  Lloyd-( ieorge, 
announced  recently  that  the  Allied  Defense  had  sunk  five 
enemy  submarines  in  one  day,  so  we  feel  confident  the 
issue  will  finally  be  met. 

In  an  Associated  Press  Despatch  from  Washington, 
dated  November  13.  the  Honorable  Secretary  of  the  Navy 
is  quoted  as  stating  "  that  important  progress  has  been 
made  in  the  problem  of  locating  submarines,"  after  which 
we  are  encouraged  to  note  "  that  their  destruction  is  a 
comparatively  simple  matter." 

In  discussing  the  tremendous  response  by  the  creative 
zeal  of  the  nation's  inventors,  the  Secretary  mentioned 
that  40,000  separate  suggestions,  plans,  or  models  of 
offense  and  defense  devices  had  been  submitted  to  the 
Naval  Consulting  Board  since  the  United  States  en- 
tered the  war  against  Germany, 

"  The  idea  that  the  submarine  will  be  overcome  by  a 
miraculous  invention  is  not  now  seriously  considered,"  the 
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•  Address  presented  at  joint  Meeting  of  American  Society  of  Secretary  said.  "  The  more  intimate  knowledge  the 
Mechanical  Engineers  and  Franklin  Institute,  December  II.  1917.    civilian  obtains  on  this  subject,  the  more  convinced  he  is 
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that  the  submarines  can  be  conquered  bv  persistently 
hunting  him  down  by  the  weapon  of  which  he  is  most 
afraid.  This  is  the  armed  .service  boat,  equipped  with  all 
the  latest  scientific  devices  and  typified  in  the  modern  tor- 
pedo-boat destroyer.  Foreign  naval  authorities  have 
frankly  stated  t lu-ir  admiration  of  the  degree  of  perfection 
of  American  designs. 

"  In  regard  to  the  protection  of  ships  against  torpedo 
attack,  the  undeniable  evidence  of  recent  months  of 
submarine  activity  has  demonstrated  that  the  immunity  of 
a  vessel  depends  very  largely  on  its  speed  and  maneuver- 
ing ability.  There  is  a  possibility  that  some  artificial 
means  of  protecting  cargo-carrying  vessels  may  be  found 
practicable.    In  no  other  field  have  so  many  Suggestions 


posals,  however,  have  been  found  to  be  impractical,  largely 
due  to  the  failure  of  inventors  properly  to  inform  them- 
selves of  certain  fundamental  principles. 

Many  inventions  of  real  merit  have  also  been  sub- 
mitted. The  departments  will  receive  suggestions,  but  the 
engineers  will  find  some  difficulty  in  having  practical 
development  work  done  at  government  cxjiensc.  The  sea 
is  free  beyond  the  three-mite  limit,  and  anyone  may  de- 
velop at  his  private  expense  devices  related  to  the  national 
defense.  The  various  Hoards  will  hold  as  confidential 
such  helpful  disclosures,  but  it  seems  there  is  no  general 
authority  to  reward  by  purchase  or  royalty  unless  a  patent 
is  obtained,  when  the  inventor  acquires  a  negotiable  asset. 

Unfortunately  the  publicity  of  patent  issue  detracts 


LAUNTHINkl  TORPEDO  HR0ADS1DB  FROM  DECK  FIRING  TUBE  OF  DESTROYER  AT  .to- Mil. P.  SPEED 


or  so  many  duplicate  inventions  been  presented  to  the 
Board." 

The  Secretary  said  that  the  thought  on  submarine  de- 
fense may  be  subdivided  in  three  groups: 

1.  Any  methods  to  accomplish  the  destruction  of  sub- 
marines, involving  their  detection  and  destruction  after 
detection. 

2-  Means  of  avoiding  submarine  attack,  involving  in- 
structions for  merchant  vessels,  proper  handling  of 
vessels,  camouflage,  smoke  screens,  and  other  confidential 
information  known  to  American  naval  authorities. 

3.  Protection  of  ships  against  torpedo  hits. 

All  of  the  40.000  suggestions  submitted  have  received 
careful  consideration,  and  much  valuable  aid  has  been 
given  to  various  branches  of  the  war  service.    Many  pro- 


from  the  strategic  value  of  the  device.  It  is  hoped  that  in 
time  such  patents  will  he  ordered  withheld  from  issue, 
to  prevent  publicity  when  an  obligation  to  purchase  will  be 
automatically  created  by  that  department  recognizing  the 
need  of  the  patent. 

To  skin  a  rabbit  we  must  first  catch  him.  and  likewise 
to  destroy  a  submarine  we  must  first  find  him. 

Therefore  the  method  of  catching,  as  mentioned,  is 
in  its  proper  order  of  importance.  The  sorry  part  of  it 
all  is  thai  the  submarine  having  the  greater  advantage  of 
lower  visibility,  approximating  invisibility,  refuses  to  be 
located,  and  gets  home  a  surprise  torpedo,  and  the  pro- 
gram of  sinkings  continues. 

Ninety  per  cent,  of  the  damage  and  loss  comes  from 
that  first  torpedo,  and  the  necessity  of  forehand  knOwK 
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edge  of  the  submarine's  location,  in  relation  to  the  ap- 
proaching ship,  bears  an  equal  percentage  of  importance 
to  the  equation. 

In  certain  conditions  of  sea  and  weather  it  is  prac- 
tically ini(>ossible,  by  visual  observation,  to  detect  the 
enemy  periscope. 

Various  listening  devices  arc  being  developed,  with 
most  encouraging  results,  and  the  public  press  hints  at 
the  wonders  of  inventions  as  yet  untried,  those  stirring 
dreams  of  the  arm-chair  strategist. 

To  locate  the  enemy  submarine  and  side-step  him  docs 
not  solve  the  problem  of  his  extinction  by  destruction, 
and  the  Secretary  is  right  in  recognizing  a  solution  of  the 
menace  by  direct  gunfire  attack. 

The  more  guns  we  mount  on  our  commerce  ships, 
the  greater  the  increase  of  our  swift  destroyer  class,  the 
more  certainly  have  we  met  the  submarine.  We  must 
blow  him  out  of  the  water  and  hunt  him  from  base  to 
base  by  direct  gunfire  attack. 

Of  late  there  has  been  perfected  a  means  of  deep- 


I>EPTI1  MINE  SHOWING  SELECTIVE  TYPE  OP  PLOAT  PUI.L 


water  attack  against  submerged  submarines  by  the  use 
of  the  selective  depth  bomb.  This  device,  variously 
charged  with  from  50  to  500  pounds  of  TNT  or  other 
high  explosive,  is  so  arranged  that  it  will  detonate  at  a 
predetermined  depth,  estimated  to  reach  the  level  of  the 
submarine  that  is  lurking  below  the  surface.  These  depth 
charges  are  launched  from  fast  surface  craft  whose  speed 
carries  them  away  from  the  eruptive  danger  following 
the  explosion.    The  under-water  shock  is  sufficient  to 
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break  in  the  hull  plating  of  a  submarine  in  any  direction 
equal  to  al>out  three  times  the  vertical  depth  at  which  the 
charge  explodes. 

A  well-known  type  of  this  depth  bomb  provides  a  hol- 
low float,  connected  to  a  thin  cable  or  cord  that  is  wound 
around  the  outside  of  the  explosive  container,  the  selective 
depth  being  determined  by  the  length  of  the  unwinding 
cord  that  pulls  the  detonator  when  the  mine  reaches  its 
selected  depth. 

|  Reference  :— U.  S.  Patent  Application  161,874.] 

Reference  is  here  suggested  to  the  topographical 
map  and  contour  of  the  bed  of  the  North  Sea,  which, 
contrary  to  popular  supposition,  is  a  comparatively 
shallow  body  of  water,  except  for  three  guts  or  sub- 
marine lanes  and  the  greater  dee))  channel  along  the 
Norwegian  coast. 

The  Dogger  Hank  Ridge  is  but  50  feet  deep  and 
the  average  bottom  of  the  North  Sea  lanes  about  200 
to  300  feet,  while  the  deep  strip,  or  main  lane  on  Nor- 
way's edge,  is  some  'XX)  feet  deep. 

An  attack  by  barrage  continuous  discharge  of  depth 
mines  from  numerous  patrols  covering  each  known 
submarine  lane  woirld  check  the  freedom  of  these  pas- 
sages with  justifiable  chance  of  destroying  the  enemy 
U-boats. 

The  Naval  Consulting  Hoard,  known  so  favorably  to 
us  all.  has  worked  indefatigably  in  the  consideration  of  the 
vast  number  of  suggestions  that  have  been  offered. 

A*  a  guide  to  help  sorte  this  submarine  menace  the 
Hoard  has  recently  issued  its  Hulletin  No.  1  (July  14. 
1°17),  relating  to  the  "  Problems  of  the  Submarine." 
Copies  will  be  furnished  free  by  addressing  the  Navy 
I )( partment. 

As  this  information  is  official  and  helpful  to  a  clear 
understanding  of  the  submarine  warfare,  offensive  and 
defensive,  it  would  be  projter  to  quote  quite  fully  from 
this  Hulletin. 

PROTECTION  AGAINST  SUBMARINE  ATTACK 

This  subject,  which  is  occupying  the  public  mind  as 
is  no  other,  divides  itself  into  a  number  of  problems,  the 
most  important  being  the  following: 

(a)  Means  of  discovering  the  approach  of  a  hostile 
submarine  ami  locating  it  so  as  to  permit  of  prompt  action 
for  combating  its  attack. 

(b)  Protection  of  cargo-carrying  ships  by  nets,  guards 
and  screens. 

(c)  Protection  thru  decreasing  the  risibility  of  vessels. 
I  d  i  Methods  of  destroying  or  blinding  a  hostile  sub- 
marine. 

tf)  Mines,  their  use  and  control. 

(/)  Torpedoes,  use  and  counter  defense. 

Submarines,  to  operate  most  effectively,  must  ap- 
proach within  close  range  of  the  vessel  which  is  intended 
to  be  torpedoed.   The  installation  of  offensive  weapons  on 
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tilt-  merchant  marine  lias  increased  the  necessity  for  the 
utmost  care  being  exercised  by  the  submarine  commander 
in  remaining  unseen  by  the  officers  on  the  vessel  to  be 
attacked. 

Reports  from  abroad  indicate  that  in  many  cases  sub- 
marines must  have  remained  along  certain  lanes  of  travel 
for  periods  extending  into  weeks  of  waiting  with  the  ex 
pectation  of  torpedoing  certain  vessels.  Under  certain 
favorable  conditions,  where  the  waters  are  less  than  200 
feet  in  depth,  the  safe  limit  of  descent,  a  submarine  might 
lie  at  rest  on  the  bottom,  and  if  equipped  with  sensitive 
listening  devices  attempt  to  detect  the  approach  of  a  vessel. 
As  soon  as  this  evidence  was  secured  the  submarine  might 
come  to  the  surface  for  a  quick  observation  by  means  of 
the  jwriscope  and  in  this  manner  obtain  the  proper  aim 
which  would  be  required  to  register  an  effective  hit. 

In  case  the  water  is  more  than  200  feet  in  depth  a 
submarine  must  be  kept  in  motion  to  obtain  steerage  way 
in  order  to  hold  its  proper  depth  of  submergence.  This 
speed  may  not  exceed  four  or  live  miles  per  hour,  but 
to  remain  submerged,  and  at  the  same  time  unobserved, 
the  water  must  be  at  least  60  feet  deep. 

The  latest  type  of  submarine  which  is  being  used 
abroad  has  a  surface  s|>eed  of  at  least  17  knots  per  hour 
and  a  submerged  speed  of  probably  less  than  10  knots. 
The  superior  gunfire  from  the  merchantman  which  has 
been  properly  equipped  would  make  it  necessary  for  the 
submarine  commander  to  obtain  his  observations,  such  as 
would  permit  accurate  aiming  of  the  torpedo,  during  the 
very  brief  interval  of  time  required  to  come  to  the  surface 
for  observation  thru  the  periscope  and  to  again  submerge. 

If  running  near  the  surface,  the  [>erisco|K-  might- be 
raised,  a  quick  observation  taken,  and  lowered  again 
within  30  seconds.  If,  however,  the  submarine  is  on  the 
surface  and  hatches  uncovered,  from  one  to  four  minutes 
w  ill  be  required  to  completely  submerge,  depending  upon 
circumstances. 

A  submarine  of  recent  type  probably  has  a  total  radius 
of  action  of  as  much  as  8000  miles  when  traveling  at  a 
moderate  cruising  speed  of  from  10  to  11  knots,  and  may 
remain  away  from  its  home-base  for  as  much  as  one 
month,  without  requiring  either  fuel  or  other  supplies 
during  this  period. 

The  "U-53"  on  her  espionage  visit  to  Newport  Naval 
Station  and  her  subsequent  tor|>edoing  of  a  half  dozen 
friendly  and  neutral  ships  within  sight  of  our  shore  is  a 
concrete  reference  of  what  can  Ik?  done  as  to  radius  of 
action  and  which  may  be  again  attempted  in  greater  force 

A  recent  estimate  of  an  Allied  naval  officer  de'er- 
rnines  that  the  enemy  submarines  arc  at  surface  over 
05  per  cent,  of  their  time  when  cruising,  thus  giving  oppor- 
tunity of  accidental  sinking  by  night  ramming  bv  sur- 
face craft  as  well  as  for  direct  surprise  attack  during 
fog  intervals. 

The  fact  of  submarines  being  so  little  time  submerged 
has  developed  a  simple  yet  efficient  strategy  to  determine 
their  location.  The  Allies  have  used  their  submarines  as 
feed  lures  for  seagulls,  which  hover  over  the  hull  tempted 
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by  their  food,  and  follow  untiringly  in  the  wake  of  the 
submerged  craft. 

The  gulls,  not  recognizing  friend  or  foe,  follow  the 
German  submarines  patiently,  expecting  to  be  fed  and 
quite  innocently  declare  the  location  of  the  enemy  under- 
water boats  lo  the  Allied  patrols. 

This  type  of  submarine  may  have  as  many  as  three 
periscopes,  two  conning-towers.  and  two  rapid-fire  guns 
attached  to  the  upper  portion  of  its  hull. 

The  vessel  is  steered  by  very  efficient  gyroscopic  com- 
passes, which  are  unaffected  by  extraneous  magnetic  or 
electrical  influences, 

A  general  understanding  of  the  capabilities  of  the 
modern  submarine  for  offensive  operations  will  make  it 
easier  to  appreciate  the  importance  of  the  three  prob- 
lems which  follow  : 

((II   MkVNS  lOR  DlSCOVKRY 

The  aeroplane.  When  the  condition  of  sea  and  air 
are  favorable,  a  submarine  is  readily  discernible  from  an 
aeroplane  Hying  at  a  sufficient  height,  even  tho  the  sub- 
marine be  submerged  to  a  considerable  depth. 

While  aeroplanes  have  thus  been  used  successfully  in 
the  Knglish  Channel,  they  are  unable  to  fly  far  out  to 
sea  where  the  submarines  are  now  most  active.  Mother 
ships  for  carrying  and  launching  aeroplanes  might  be 
used  in  this  connection,  but  there  are  only  a  small  num- 
ber of  such  ships  in  operation  and  the  construction  of 
others  under  present  conditions  is  necessarily  a  slow- 
process. 

The  airplane  promises  to  play  a  very  serious  and  im- 
portant part  in  sea  warfare  and  torpedo  service. 

Admiral  I'iske.  I'.  S.  X.,  retired,  invented,  some  years 
ago.  a  torpedo-plane  which  in  effect  is  a  scap'ane  carrying 
on  its  keel  parallel  a  marine  torpedo. 

The  torpedo-plane  skims  close  to  the  surface  and  de- 
livers its  attack  directly  in  line  with  the  enemy  ship  and 
releases  the  torpedo  which  speeds  to  its  target. 

The  Germans  arc  reported  to  have  used  this  device 
successfully  in  sinking  Allied  surface  craft  in  the  Xorth 
Sea. 

Private  initiative  and  subscribed  money  is  now  sup- 
posed to  be  developing  this  method  into  a  practical  device 
for  use  of  the  national  defense. 

A  similar  weapon  is  described  in  I'nited  States  Patent 
1,223,212,  covering  an  aero-marinc-torpedo  which  pro- 
vides for  a  tubular-shaped  charge  towed  by  an  airplane, 
which,  rising  in  flight,  drags  a  wire  towline  across  the 
victim  ship  and,  speeding  onwards,  brings  the  torpedo 
into  explosive  contact. 

Airplanes  have  been  suggested  for  use  in  attacking  sub- 
marines by  trailing  under  water  deflected  bombs.  |  Ref- 
erence is  made  to  United  States  Patent  1,218,586  ] 

Location  of  submerged  "  U  "  boats  by  use  of  kite 
observation  balloons,  towed  from  battleships,  is  one  of  the 
later  developments  of  offensive. 
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It  will  be  seen  that  each  of  the  above  methods,  how- 
ever useful,  has  its  limitations,  and  scientists  and  inventors 
should  apply  themselves  not  only  to  the  task  of  improving 
these,  but  also  of  finding  supplementary  methods  and 
devices. 

(b)  Protection-  of  Cargo-Carrying  Simps  iiy  N'ets  ok 
Screens 

Many  designs  of  such  devices  are  suggested,  and  most 
of  them  arc  intended  to  be  attached  to  the  hull  of  the 
vessel  to  be  protected.  Many  other  suggestions  along 
these  lines,  and  differing  only  in  some  of  their  minor 
characteristics  from  the  foregoing,  have  been  received 
by  the  Hoard.  I'p  to  the  present  time  not  one  of  these 
proposals  involving  screens  of  any  kind  has  received  the 
approval  of  the  Navy  Department  or  of  the  Merchant 
Marine.  The  principal  objections  offered  to  these  de- 
vices are  that  they  arc  heavy,  difficult  to  hold  in  posi- 
tion, unmanageable  in  a  heavy  sea,  and  that  they  inter- 
fere with  the  speed  and  with  the  ability  of  the  vessel  to 
maneuver.  The  undeniable  evidence  which  has  been 
accumulated  during  the  past  few  months  of  submarine 
activity  has  demonstrated  thai  the  immunity  of  a  vessel 
10  submarine  attack  is  dependent  very  largely  on  its  speed 
and  also  its  maneuvering  ability.  The  percentage  01 
vessels  having  speeds  of  15  knots  or  more  which  have 
suffered  from  submarine  attack  is  very  small,  while  the 
losses  of  slow  vessels,  whose  speed  is  less  than  that  of 
a  submerged  submarine,  is  practically  one  hundred  pcr 
cent.  of  those  attacked.  Many  of  the  suggested  devices 
would  prevent  the  launching  of  life-l>oats  or  rafts  from  the 
vessel  to  be  protected.  It  is  barely  possible,  however,  that 
there  may  be  developed  some  form  of  this  general  plan 
which  will  be  found  practicable.  In  no  other  field  have  so 
many  suggestions  or  so  many  duplicate  inventions  been 
presented  to  the  Hoard. 

As  far  back  as  1877  a  patent  was  issued  containing  the 
following  paragraph : 

"The  nature  of  my  invention  consists  in  combining 
with  a  vessel  a  sectional  reticulated  shield  or  guard,  sus- 
pended at  a  suitable  distance  from  the  hull  of  the  ship,  and 
partly  or  wholly  surrounding  the  same,  which  shield  ex- 
tends downward  a  sufficient  distance  below  the  water-line 
to  arrest  a  floating  tor|>edo  or  explode  one  attached  to  an 
attacking  vessel." 

From  that  time  until  the  present  day  many  designs 
have  been  made,  tried,  and  discarded.  It  is  well  known 
that  a  shield  of  sufficient  strength  and  proper  design  will 
stop  a  torpedo,  explode  it,  and  render  it  harmless  to  the 
hull  of  a  vessel,  if  the  shield  is  a  sufficient  distance  away. 
This  distance  is  generally  conceded  to  be  about  30  feet. 
However,  it  depends  very  much  upon  the  strength  of  a 
vessel's  hull  and  tbc  details  of  design  made  to  localize 
the  damage. 

It  has  been  the  aim  of  all  navies  to  do  away  with  any 
form  of  shield  or  net  protection,  as  in  action,  s[>eed  and 
maneuvering  qualities  are  imperative :  and  generally  in 
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war  time  a  fleet  depends  for  a  great  part  of  its  tactical 
value  upon  its  ability  rapidly  to  change  its  base.  Modern 
naval  construction  is  made  to  allow  torpedo  attack  without 
disabling  the  vessel  or  preventing  her  from  continuing 
the  fight  and  eventually  reaching  her  home  port.  It  is 
known  that  in  the  present  war  battleships  have  been  tor- 
pedoed more  than  once  in  the  same  fight,  continuing  the 
battle  and  arriving  home  at  a  fair  rate  of  speed. 

One  of  the  great  shipyards  in  England  is  interested 
in  a  tor|icdo  defense  |>ontGon  supported  screen  that  has 
been  favorably  noted  in  the  American  scientific  press. 

This  device  is  not  a  part  of  the  ship  nor  attached 
thereto,  but  provides  a  floating  spnr-likc  pontoon  with 
a  full  length  sheet  steel  flexible  apron.  These  screens 
can  be  towed  by  the  slower  ships  when  moving  thru 
mine  fields  or  submarine  zones,  giving  extensive  broad- 
side protection. 

The  [xintoou  screens  can  be  towed  as  separate  units 
by  tugs  or  trawlers — and  the  defended  ship  can  move 
safely  forward,  protected  by  these  flanking  screens. 

The  speaker  will  be  glad  to  send  to  any  engineer  in- 
terested in  the  further  development  of  this  line  of  defense 
an  illustrated  booklet  on  "  Submarine  Problems  and 
Torpedo  Defense." 

]  Reference  is  also  made  to  United  States  Patents 
1.210,879  and  1.171.153. 1 

(<  )  Pkoiiatiox  Thru  Invisibility 

The  point  of  lookout  on  a  submarine  being  close  to 
the  water,  the  position  of  a  vessel  at  a  distance  can  be 
determined  only  by  observing  its  smoke,  which  floats  high 
in  the  air.  Improved  smokeless  combustion  is  therefore 
desirable.  Relative  invisibility  may  also  be  afforded  by 
methods  of  painting. 

A  method  of  camouflage  to  create  suddenly  a  fog 
cloud  about  a  ship  is  nnde  possible  by  an  arrangement 
of  pipes  running  along  outside  the  length  of  the  hull, 
parallel  and  near  to  the  keel  and  connected  up  to  the  steam 
boilers.  Hv  quickly  opening  the  control  valve  the  steam 
pressure  vents  thru  small  openings  in  the  pipe  and  rises 
as  a  fog  cloud,  instantly  enshrouding  the  ship  and  con- 
fusing the  submarine  as  to  aim  and  direction.  This  is 
one  of  the  many  patents  pending,  and  is  mentioned  only 
to  encourage  our  engineers  and  inventors  to  further 
activities. 

It  is  possible  and  desirable,  if  ship  design  prejudice 
could  be  overcome,  to  build  a  low  visibility  hull  by  re- 
ducing or  eliminating  the  masts  and  spars  and  laying  the 
funnels  horizontal  near  the  deck  levels,  supplementing 
the  draught  by  further  arrangement  of  blowers. 

In  the  earlier  days  of  the  war,  submarines  have 
been  lured  into  close  range  by  screening  the  deck  guns 
of  merchant  steamers  and  liners  ami  by  false  rigging 
destroyers  to  simulate  helpless  sailing  craft,  but  this 
deceit  is  increasingly  difficult  to  accomplish  as  the 
later  "  U  "  boats  mount  powerful  long-range  guns. 
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(d)  Destri  CTlox  AND  F't.lNDING  of  TIIK  SUBMARINES 

A  rapid-fire  gun  is  effective  when  the  submarine  is 
seen  within  accurate  range  of  the  gun;  hut  the  target 
is  so  small  that  it  is  difficult  to  hit. 

The  poti-crful  effect  of  any  submarine  explosion  on 
all  neighboring  bodies  provides  ri  simple  means  of  de- 
stroying or  crippling  an  undersea  boat.  (  Ince  it  has  been 
even  approximately  located,  the  setting-off  of  a  heavy 
charge  of  high  explosive,  well  submerged  in  the  vicinity 
of  the  submarine,  will  bring  about  this  result. 


suits,  however,  in  a  waste  without  commensurable  result, 
as  a  recent  device  operated  from  inside  the  submarine 
permits  of  the  perfect  cleansing  of  the  |>eri.scope's  outlook 
glass  by  projecting  against  the  oil  smootch  a  pressure 
jet  of  gasoline  or  other  wash.  |  Reference  is  here  made 
to  United  States  Patent  1.222,156.] 

Under  favorable  conditions  of  wind  and  position, 
many  vesse*s  have  saved  themselves  from  torpedo  attack 
by  the  production  of  a  smoke  screen.  This  may  be 
formed  either  by  incomplete  combustion  of  the  oil  used 


TORPEDO  DEFENSE  BY  PONTOON  SUPPORTED  SCREEN. 


A  simple  type  of  selective  depth-bomb  has  already 
been  described,  and  the  news  items  of  destruction  of 
enemy  submarines  by  this  method  of  attack  gives  encour- 
aging indication  that  in  this  device  we  have  a  weapon 
that  spells  the  doom  of  the  L'-boat.  |  Reference  is  made 
to  United  States  Patent  Application  Serial  161.874.  | 

In  certain  areas,  a  quantity  of  heavy,  b'ack  petro- 
leum or  similar  substance  which  will  float  on  the  surface 
of  the  water  has  proved  an  effective  means  of  clouding 
the  optical  gla<s  in  the  periscope's  exposed  end. 

This  spreading  of  oil  upon  the  troubled  waters  rc- 


for  fuel  by  most  naval  vessels,  or  it  may  be  created  by 
burning  chemicals,  such  as  phosphorus  and  coal  tar,  or 
mixtures  in  which  both  of  these  and  other  materials  arc 
used. 

After  hiding  itself  from  the  submarine  in  a  cloud  of 
dense  smoke,  the  vessel,  if  possessed  of  sufficient  speed, 
may  be  able  by  a  quick  maneuver  to  change  her  posi- 
tion ami  escape  before  the  submarine  is  able  to  discharge 
a  toq>cdo. 

The  serious  fault  with  this  plan  has  been  the  accidental 
of  windage,  for  it  is  apparent  that  if  the  wind  blows 
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from  the  direction  of  the  submarine  toward  the  ship  she 
cannot  hide  quickly  in  her  smoke  screen,  which  is  blown 
away  from  her. 

An  improvement  of  great  value  meets  this  need  by 
use  of  smooth-bore  deck  puns  discharging  smoke  shells 
against  the  submarine,  which  puts  the  enemy  into  a  murk 
screen,  permitting  the  merchant  ship  to  escape  or  by 
change  of  course  to  attack  the  submarine  and  sink  it  by 
gunfire  or  ramming. 

[Reference. —  LT.  S.  Patent  Application  Serial  195,- 
289.] 

MINES  AND  TORPEDOES  FOR  NAVAL  OPERATIONS 

(<?)  Mines 

F.ver  since  the  first  use  of  gunpowder  in  the  prosecu- 
tion of  war,  mines  and  torpedoes  have  received  great 
attention,  both  from  the  warrior  and  the  inventor.  Mines 
are  either  fixed  or  floating.  The  fixed  or  stationary  sub- 
marine mine  is  fired  by  contact,  electricity,  timing  device, 
or  fuse.  Such  mines,  which  are  extensively  used  by  all 
navies,  are  rugged  in  design  and  may  contain  large  charge* 
of  explosives.  They  arc  placed  in  position  by  especially 
equipped  mine-laying  vessels.  Such  a  mine  is  provided 
with  an  anchoring  device. 

Floating  mines  differ  from  fixed  mines  in  that  they  are 
unanchored,  and,  unless  guard  boats  are  at  hand  to  warn 
friendly  vessels  of  their  proximity,  may  be  as  dangerous 
to  friend  as  to  foe.  Such  mines  must  be,  according  to 
laws  of  war,  designed  to  Income  inoperative  within  a 
few  hours  after  being  set  adrift. 

The  submarine  has  been  successfully  used  as  a  mine 
layer  and  can  enter  defended  sea  areas  and  plant  mine 
fields,  uncharted  and  undetected.  An  elaboration  of  this 
function  is  noted  in  the  possibility  of  submarines  liberat- 
ing containers  of  asphyxiating  gases  or  smoke  clouds 
from  a  position  under  the  enemy  battle  fleet  or  surface 
ships  and  causing  tremendous  loss  and  havoc. 

The  defense  against  such  surprise  being  eternal  vigil 
ance  and  full  protection  to  the  crews  by  night  and  clay 
use  of  gas  masks. 

[Reference  is  made  to  United  States  Patent  1.222.- 
498.] 

Harbors  and  waterways  are  not  entirely  safe  from 
submarines  that  may  enter  submerged  below  the  mine 
flotation  level  to  avoid  contact,  and  then  rise  to  the 
surface  for  observation  and  bombardment  or  to  release 
aeroplanes  for  distant  depredations. 

A  proposed  harbor  defense  against  the  enemy  sub- 
marine awash  or  surface  battle  craft,  comprises  a 
method  of  gas  or  smoke  clout!  liberation  from  con- 
tainers anchored  to  the  bottom  and  electrically  con- 
trolled, or  detonated,  from  shore  observation  stations, 
thus  involving  the  enemy  in  a  murk  or  incapacitating 
gas  cloud. 

This  camouflage  mine  field  could  be  cheaply  created 
and  would  be  easy  to  install,  and  while  depriving  the 
enemy  of  power  of  observation  or  lire  control  yet  dis- 
closing his  position  by  his  military  mast  tops  rising 
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above  the  low  hanging  cloud  and  permitting  the  shore 
batteries  to  deliver  their  attack. 

[Reference — U.  S.  Patent  Application  155,316.] 

(/)  Torpedoes 

1  he  modern  submarine  torpedo  is  about  20  inches  in 
diameter  and  20  feet  in  length ;  is  self -propelled ;  is  not 
steered  by  magnetic  means;  and  keeps  a  fairly  accurate 
course  for  several  thousand  yards  at  an  average  speed 
of  more  than  ;o  miles  an  hour.  Its  weight  is  approxi- 
mately a  ton  and  a  quarter;  and,  when  traveling  at  normal 
s]>ecd,  possesses  great  momentum — in  fact,  in  one  case, 
when  the  high  explosive  charge  in  the  "  warhead  "  failed 
properly  to  detonate,  the  body  of  the  torpedo  penetrated 
the  steel  hull  of  the  ship  attacked.  Torpedoes  are  also 
prov  ided  with  means  to  more  or  less  effectively  cut  thru 
screens,  nets,  or  guards  placed  in  their  path. 

A  torpedo  is  projected  from  a  submarine  or  other  ves- 
sel by  means  of  a  special  form  of  tube  or  gun.  A  small 
charge  of  gunpowder  or  compressed  air  is  employed  to 
-tart  the  torpedo,  after  which — if  of  the  usual  self-pro- 
pelling type — it  is  driven  thru  the  water  by  its  own  com- 
pressed-air motor,  the  air  being  supplied  from  a  strongly 
built  reservoir  within  the  body  of  the  torpedo  itself.  The 
torpedo  is  kept  upon  its  course  by  a  gyroscope  steering 
mechanism,  which  is  immune  to  outside  magnetic  dis- 
turbances. 

The  detonation  of  the  torpedo  is  accomplished  thru 
a  mechanism  placed  within  its  warhead;  and  if  the  tor- 
pedo is  either  abruptly  diverted  from  its  course  or  is 
checked  in  its  j onward  motion,  the  firing  device,  which  is 
operated  by  arrested  momentum  rather  than  by  any  form 
of  a  projecting  firing-pin,  instantly  ignites  the  heavy 
charge  of  explosive  contained  within  the  warhead.  The 
explosion,  if  it  takes  place  within  twenty  feet  of  the  vessel, 
will  usually  rupture  the  ship's  plating,  because  of  the 
i '.mlk  blow  transmitted  thru  the  water  from  the  point 
of  the  explosion  to  the  ship's  side.  The  depth  at  which  a 
torpedo  travels  is  usually  between  10  and  15  feet  below 
the  surface. 

CONFINING  THE  SUBMARINES 

The  ((iiestion  as  to  why  submarines  are  not  destroyed 
before  they  reach  the  open  sea  is  a  most  natural  one, 
and  the  best  answer  which  it  is  possible  to  give,  according 
lo  the  officers  of  our  navy  and  those  of  the  foreign  com- 
missions who  have  visited  this  country,  is  as  follows: 

The  submarine  bases  are  very  strongly  protected  by 
land  batteries,  aeroplane  observers,  and  large  areas  of 
thickly  mined  waters  extending  to  such  distances  that  the 
largest  naval  gun  cannot  get  within  range  of  the  bases. 
In  spite  of  these  protections,  there  is  now  going  on  a 
continuous  attempt  on  the  part  of  the  Allied  navies  to 
entrap  or  otherwise  defeat  the  submarines  as  they  emerge 
from  the  protected  areas.  Nets  are  laid  and  as  promptly 
removed  by  the  enemy,  whose  trawlers  are  in  turn  at- 
tacked by  our  destroyers.    The  design  of  these  nets  and 
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the  detailed  arrangement  of  their  fastenings  and  attach- 
ments offer  a  broad  field  for  invention,  but  it  should  be 
remembered  that  they  must  be  capable  of  being  used  in 
waters  in  which  there  is  a  tidal  current  running  from  two 
to  five  miles  per  hour.  Many  suggestions  for  "  bottling 
up  "  these  bases  have  been  offered,  but,  as  will  be  realized, 
it  is  not  desirable  to  publish  information  which  would 


tremendous,  but  many  important  engineers  and  the  scien- 
tific and  technical  press  express  hopes  that  it  will  yet 
be  done. 

This  great  net  would  be  float-supported,  and  at  the 
crosswires  of  the  20-  to  30-foot  meshes  there  would  be 
attached  explosive  contact  bombs  to  destroy  any  sub- 
marine that  would  nose  in. 


UPPER:  COMPARATIVE  S<?<TIONAI.  VIEW  OF  "LUSITANIA"  AND  ENEMY  SUBMARINE 
LOWER:  WAR  TORPEDOES  -m"  AND  21"  DIAMETER. 


indicate  even  in  the  smallest  degree  this  country's  plans. 

Ambitious  plans  have  been  presented  suggesting  a 
great  bomb  curtain  sea  net,  strung  in  sections  mi'es  lone 
and  pendant  200  feet  deep,  to  close  the  North  Sea  from 
Scotland  to  the  three-mile  limit  off  the  Norway  coast. 

The  difficulties  arc  stupendous  and  the  cost  would  be 


[  Reference  is  made  to  United  States  Patent  Appli- 
cation Serial  157.38^.1 

SHIPS  AND  SHIPBUILDING 

Many  suggestions  arc  made  for  ships  of  unusual  form 
to  provide  for  safety  in  case  of  a  torpedo  or  mine  ev 
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ploding  near  or  against  the  hull.  Most  of  these  plans 
are  an  elaboration  of  the  usual  water-tight  bulkhead  con- 
struction now  required  as  structural  design  for  all  modern 
ships. 

The  multiplicity  of  water-tight  compartments  in  any 
hull  design  tends  to  add  to  the  vessel's  safety. 


explosion  of  a  mine  or  torpedo  may  be  greatly  diminished 
by  special  hull  construction. 

The  incomprcssibility  of  water  gives  the  required 
fulcrum  to  the  explosion  of  the  warhead  and  the  hull 
plates  break  inward  under  the  impulse  of  the  expand- 
ing white  hot  gases.    It  therefore  follows  that  the  de- 


EXPLOStVE  EPFBCT  OF  TORI'BDu  AC.AINST  SHIP'S  1  If  I.I.    THE  "NKHKASKAN  " 


The  modem  tank  steamer  used  to  carry  fluid  cargoes, 
such  as  petroleum  products  or  molasses,  is  a  good  ex- 
ample of  this  design,  which  has  been  in  general  use  for 
many  years. 

The  explosion  of  a  nearby  submarine  mine  or  toqiedo 
frequently  tears  great  rents  in  the  ship's  plating,  in  some 
cases  opening  a  jagged  hole  ten  feet  or  more  across,  but 
the  destructive  effect  on  the  hull  of  a  ship  caused  by  the 


structive  effect  would  be  minimized  in  direct  proportion 
to  the  non-resistance  of  tin*  fulcrum.  To  accomplish 
this  desired  result  an  ingenious  method  is  under  patent 
which  provides  perforated  pipe  line  outlets  parallel  to 
the  ship's  keel  and  connected  up  to  the  high  pressure 
steam  line. 

Upon  approach  of  a  torpedo  the  steam  is  switched 
into  the  outlets  Mid  the  rising  zone  of  bubbles  displaces 
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SUBMARINE  AT  DEPTH  OK  JO  FEET.  PHOTOOHAMTBD  BY  SCOUT  AIRIM.ANE  60  FEET  ABOVE 
SURFACE  AND  SUBSEQUENTLY  DESTROYED  BY  DEPTH  BOMBS. 


the  sea  water  and  creates  a  froth  mass  of  reduced  re-  inventor  may  know  in  part  what  has  already  heen  done. 

sisiance  tending  to  dissipate  the  force  of  the  torpedo  Even  tho  some  of  these  references  may  be  to  the 

explosion.  40,000  misconceived  devices  examined  and  unused, 

(Reference — I'.  S.  Application  Serial  201,949.)  they  have  been  helpful  to  the  national  cause  by  the 

In  making  reference  to  various  patents  and  appli-  patent  fees  expended  upon  them  and  as  guides  and  guards 

cations  of  devices,  it  is  only  intended  thereby  to  illus-  to  the  inventors  yet  unborn. 

trate  types  and  general  methods  that  the  engineer  and 
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MANUFACTURING  IN  RELATION  TO 

BANKING,  RESEARCH  AND  MANAGEMENT* 

By  WALTER  RAUTENSTRAI  CH,  Consulting  Engineer 


PLKH AI'S  there  has  been  no  other  time  in  the  life  of 
our  nation  during  which  the  social  and  economic 
problems  confronting  us  have  been  so  vital,  so  per- 
plexing, and  of  such  colossal  magnitu<le  as  those  which 
confront  us.  now.  Xor  have  there  been  such  times  as 
these  not  only  to  lest  the  strength  of  our  material  re- 
sources, but  also  to  prove  the  good  and  the  bad  in  the 
articulation  and  functioning  of  the  elements  of  our  busi- 
ness system  thru  which  our  resources  arc  created  am!  dis- 
tributed. Our  engagement  in  this  most  gigantic  of  war- 
is  serving  not  only  to  present  new  and  more  perplexing 
problems,  but  also  to  emphasize  the  needs  and  accelerate 
die  demands  for  an  entire  reconstruction  of  our  whole 
business  and  social  relations.  Xot  only  are  we  compelled 
to  bend  every  energy  to  carry  to  a  successful  issue  a  cam- 
paign for  principles  by  which  nations  may  live  in  harmony 
and  peace,  but  circumstances  demand  that  we  also  recon- 
struct the  foundations  upon  which  shall  stand  economic 
and  social  institutions  capable  of  leadership  in  the  new- 
world  which  shall  rise  from  the  ashes  of  the  old. 

Under  most  unusual  circumstances,  therefore,  are  wc 
required  to  seek  solutions  for  difficulties  which  even  in 
normal  times  would  demand  the  keenest  minds  and  the 
strongest  characters  to  accomplish. 

Many  agencies,  governmental,  industrial,  and  corpo- 
rate, arc  :it  work  in  an  endeavor  to  adapt  present  facilities 
and  create  and  operate  new  facilities  for  carrying  on  the 
business  of  war.  Xot  only  for  war,  but  also  for  the  many 
perplexing  industrial,  agricultural,  and  social  situations 
incident  to  the  problem  of  living,  which  the  war  has  seri- 
ously disturbed.  We  have  followed  many  of  these  activ- 
ities in  the  columns  of  the  press  and  marveled  at  accom- 
plishments in  the  raising  of  funds,  the  extension  of  credits 
and  the  gathering  of  large  forces  of  men.  The  recent 
campaigns  for  Liberty  bonds  and  for  the  work  of  the 
V.  M.  C.  A.  have  inspired  each  one  of  us  with  feelings  i.f 
pride  and  confidence.  We  are  a  united  people,  and  wc 
have  demonstrated  our  ability  to  work  together  in  the 
furtherance  of  a  high  ideal.  The  fibre  of  our  national 
character  is  sound,  and  wc  will  forge  at  the  anvil  of 
experience  and  sacrifice  even  stronger  and  more  lasting 
bands  of  moral  fibre  and  national  strength.  P.ut,  while 
our  potential  forces  are  matters  of  just  pride,  let  us  also 
be  thankful  that  we  are  conscious  of  our  weaknesses  and 

•  Presented  before  Philadelphia  Section  of  American  So- 
cifty  dt"  Mcc1ianic.il  Knvinccrs.  X«>vrnil>er  27.  1917.  at  the 
Fniir-ecrs"  Cluti. 
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inexperience  and  that  we  recognize  the  difficulties  and 
failures  which  surround  us.  The  many  heated  debates 
in  the  councils  of  our  leaders  and  criticisms  in  the  daily 
papers  on  the  conduct  of  governmental  and  industrial 
affairs  make  us  more  and  more  conscious  of  the  need  of  a 
business  system  which  is  more  fundamentally  sound  and 
the  need  of  higher  ideals  upon  which  such  a  business 
system  may  successfully  be  founded.  We  have  long  held 
the  reputation  for  wastefulness  which  abundance  of  re- 
sources creates.  The  <ptick  acquisition  of  wealth  without 
the  moral  strength  of  character  which  arises  from  the 
toil  and  sacrifice  oi  production  has  raised  up  many  leaders 
who  predominate  the  controlling  forces  of  our  civiliza- 
tion and  tend  to  destroy  the  standards  of  service  and 
create  false  standards  of  living.  The  reflection  of  these 
influences  in  the  conduct  of  affairs  has  occasioned  much 
waste  in  resources  and  effort  and  created  many  of  these 
problems  which  confront  us  to-day. 

Itut  as  wc  contemplate  the  many  instances  of  waste  in 
resources  and  effort  which  accompany  our  endeavor  to 
carry  this  war  to  a  successful  issue  we  find  that  the  in- 
herent nature  of  the  conditions  by  which  these  wastes 
occur  is  no  different  than  that  which  many  of  us  have 
observed  in  normal  times,  only  in  a  lesser  degree.  These 
conditions  have  been  pointed  out  so  many  times  by  able 
men  in  diverse  paths  of  human  endeavor  that  they  need 
not  1m>  repeated  here,  and  yet  it  seems  that  they  need 
continual  emphasis.  It  would  seem  that  our  failures 
reside  in  these  particulars: 

l:irst.  Individualistic  effort  as  opposed  to  cooperative 
effort. 

Second.  An  undue  regard  for  the  might  of  "purchas- 
ing "  power  as  opposed  to  the  might  of  "  creative  power." 

Third.  A  lack  of  appreciation  for  science  or  the  scien- 
tific spirit  in  the  conduct  of  our  business  system. 

The  introduction  of  corrective  measures  which  will 
enable  us  to  counteract  and  reconstruct  these  tendencies 
reaches  every  field  of  human  endeavor,  and  the  very 
nature  of  the  changes  demanded  positively  indicates  that 
this  must  needs  be.  We  are  dealing  now  with  an  attitude 
of  mind,  the  creation  of  a  philosophy,  if  you  please,  upon 
the  foundations  of  which  we  1io|k-  to  rear  an  economic 
and  social  machine  which  will  w  ithstand  the  onslaughts 
of  a  world  catastrophe— indeed,  by  means  of  which  such 
catastrophes  may  be  impossible. 

In  every  movement  or  effort  to  betterment  there  are 
certain  avenues  of  approach  or  mediums  of  operation 
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thru  which  most  effective  results  can  be  accomplished,  and 
as  we  review  the  problems  before  us  and  the  particular 
institutions  factoring  therein,  it  seems  that  among  these 
the  manufacturing  industries  take  a  high  place.  Any 
right  effort  to  place  our  wealth-creating  agencies,  as  repre- 
sented by  the  manufacturing  interests,  on  a  higher  plane 
and  in  proper  coordination  with  other  controlling  factors 
of  our  civilization  will  rentier  a  lasting  service  to  man- 
kind. A  close  analysis  of  the  manufacturing  problem  will 
indicate  that  corrective  measures  must  be  applied  Iwth 
from  within  and  without  the  immediate  province  of  the 
enterprise.  It  will  be  our  purpose  to  consider  three  par- 
ticular avenues  from  which  relief  may  come,  and  these 
are  in : 

First.  The  closer  relation  of  our  banking  institutions 
to  productive  enterprises. 

Second.  The  closer  relation  of  our  universities  and 
educational  institutions  to  the  industries. 

Third.  A  broader  conception  of  responsibilities  in  the 
management  of  factories. 

1.  RELATION  OF  BANKING  TO  PRODUCTIVE 
ENTERPRISES 

For  many  years  the  economics  of  barter  and  trade 
have  so  engrossed  the  interest  of  capital  that  the  oppor- 
tunity of  profits  in  dealing  with  what  others  have  pro- 
duced has  overshadowed  any  interest  in  the  economics  of 
production  and  the  obligations  of  capital  toward  it. 
Wealth  distribution  and  acquisition  therefore  have  be- 
come of  primary  importance  in  our  industrial  philosophy, 
while  the  wealth-creating  agencies  have  been  factored  to 
only  a  limited  degree.  Only  as  necessity  has  forced  the 
issue,  and  not  as  a  matter  of  fundamental  policy,  have  the 
wealth-producing  agencies  been  raised  to  the  plane  of 
excellence  which  their  value  demands.  This  attitude  of 
mind  is  well  reflected  in  the  usual  methods  employed  by 
banking  institutions  in  extending  their  credit  facilities  to 
those  engaged  in  productive  enterprises,  l'.ecause  of  its 
obligations  to  its  depositors,  the  banks  have  had  to  have 
regard  for  the  quick  assets  of  the  borrower,  so  that  the 
acceptance  of  all  customers'  notes  is  primarily  conditioned 
on  this  particular. 

Indeed,  sound  banking  demands  the  customer's  liquida- 
tion of  obligations  at  stated  periods,  and  for  this  reason 
the  customer's  possession  of  quick  assets  has  liecn  the 
deciding  factor  in  credit  extensions.  When  we  realize 
that  about  four  per  cent,  of  the  daily  business  transactions 
of  this  country  arc  conducted  in  money  or  currency  and 
ninety-six  per  cent,  are  recorded  in  open  account  credits, 
checks,  notes,  and  bills  of  exchange,  and  that  a  disturb- 
ance of  this  ratio,  say  a  demand  for  ten  per  cent,  cash 
settlement,  will  inaugurate  a  panic,  we  appreciate  that 
emphasis  in  the  matter  of  the  borrower's  quick  reserves  is 
well  placed.   Unfortunately,  many  of  the  banks  in  smaller 
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centres  have  not  demanded  statements  from  borrowers, 
but  have  loaned  money  on  an  assumed  knowledge  of  the 
condition  of  the  borrower's  affairs,  and  therefore  have 
narrowed  the  margin  of  safe  fluctuation  of  cash  payment 
demands.  The  influence  of  the  Federal  Reserve  Banks  in 
the  correction  of  this  practice  has  been  most  wholesome. 
The  obligation  of  member  banks  to  certify  to  "  the  finan- 
cial responsibility  of  the  borrower,  including  a  short  gen- 
eral description  of  the  character  of  the  business,  the 
balance  sheet,"  when  offering  paper  for  discount  has  re- 
sulted in  a  more  safe  procedure  in  credit  extensions. 

Since  the  majority  of  borrowings  are  on  single-name 
paper  or  notes  issued  against  the  general  assets  of  the 
borrower,  and  the  security  of  the  credit  of  the  country  is 
to  rest  in  large  measure  upon  the  paper  held  by  the  reserve 
banks,  these  precautions  are  the  more  significant.  It 
seems,  therefore,  that,  while  emphasis  is  being  placed  on 
the  borrower's  ability  to  liquidate  his  obligations  at  ma- 
turity, this  emphasis  does  not  alone  reside  in  the  exam- 
ination of  books  of  account,  but  additionally  in  an  assur- 
ance of  the  soundness  of  the  liorrowcr's  enterprise.  In 
the  earlier  regulations  of  the  Federal  Reserve  Board  it 
was  provided  that  notes,  drafts,  and  bills  of  exchange 
were  not  acceptable  for  rediscount,  when  funds  applied 
to  "  merely  investments."  Later  regulations,  however, 
provided  that,  while  bills  were  considered  eligible  for  re- 
discount which  were  to  be  used  "  in  producing,  purchas- 
ing, carrying,  or  marketing  goods  in  one  or  more  of  the 
steps  of  the  process  of  production,  manufacture,  and  dis- 
tribution,'' it  is  conceded  that  such  funds  obtained  may  be 
used  for  other  purposes  than  those  alwjve  specified : 
"  if  the  borrower  shows,  by  statement  or  otherwise,  that 
he  has  a  reasonable  excess  of  quick  assets  over  his  account 
liabilities  in  open  accounts,  short-term  notes  or  other- 
wise." More  recently  the  Board  has  departed  from  these 
rigid  requirements  and  has  simply  recommended  that  man- 
lier banks  require  such  statements  from  their  customers 
as  will  satisfy  the  above  requirements  as  a  basis  for  the 
certification  of  the  bank's  officer  that,  to  the  best  of  his 
knowledge  and  belief,  the  bill  was  issued  for  a  purpose 
that  made  it  eligible  for  rediscount ;  that  is,  the  bill  was 
issued  for  business  of  a  current  nature  and  not  merely 
an  investment. 

Thus,  while  it  is  seen  that  the  Federal  Reserve  Board 
is  causing  our  banking  institutions  to  have  more  regard 
for  the  borrower's  ability  to  liquidate  his  banking  obliga- 
tions at  maturity,  its  influence  is  such  as  to  point  out 
that  this  ability  does  not  alone  rest  in  the  possession  of 
quick  assets,  but  that  it  is  also  dependable  on  certain 
factors  which  condition  the  life  and  prosperity  of  the 
enterprise  itself.  Wealth-creating  ability  as  represented 
in  factors  which  every  engineer  understands  is  being  ap- 
preciated, together  with  purchasing  abilitv  as  represented 
in  readily  conv  ertible  assets.  The  inauguration  of  credit 
control  through  the  medium  of  the  Federal  Reserve 
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Banks,  therefore,  has  not  only  served  to  promote  a  more 
sound  banking  policy  in  the  matter  of  credit  extensions, 
but  it  is  also  causing  the  more  progressive  bankers  seri- 
ously to  view  the  whole  banking  problem  in  relation  to 
industrial  enterprises.  In  other  words,  there  is  being 
created  a  larger  sense  of  obligation  and  of  opportunity 
to  serve  the  industries  that  thru  the  closer  cooperation  of 
the  two  both  may  grow  into  stronger  institutions. 

Not  only  has  this  influence  been  working  in  the  rela- 
tion of  banks  to  manufacturing  industry,  but  also  in  their 
relation  to  the  agricultural  interests.  In  this  instance  is 
it  particularly  true  that  the  foundation  of  credit  must 
rest  on  anticipations  which  are  realized  thru  sound  busi- 
ness methods,  and  therefore  the  banks  are  compelled  to 
interest  themselves  in  this  phase  of  the  borrower's 
soundness. 

As  evidence  of  this  latter  influence  I  quote  from  a 
recent  issue  of  the  Annals  of  the  American  Academy  of 
Political  and  Social  Science.  In  an  article  on  "  Lessons  in 
Solving  Labor,  Credit  and  Other  Production  Problems." 
by  A.  T.  Grantham,  the  author,  in  referring  to  the  way  in 
which  the  Commonwealth  of  Massachusetts  has  dealt  with 
the  problem  of  helping  the  farmer  in  this  crisis,  says: 
"  Several  of  the  banks  have  opened  special  farm  depart- 
ments and  employed  men  whose  business  it  is  tu  investi- 
gate the  applications  of  farmers  for  credit.  The  Plymouth 
Trust  Company,  of  Brockton,  has  for  two  years  employed 
two  men,  graduates  of  the  Massachusetts  Agricultural 
College,  to  aid  the  farmers  in  applying  business  methods 
to  the  business  of  farming.  The  object  of  the  directors 
of  the  institution  was  to  get  acquainted  with  them  so  as  to 
make  a  businesslike  application  of  credits  to  those  engaged 
in  this  important  industry.  This  bank  has  helped  the 
farmers  of  their  vicinity  to  buy  seed,  livestock,  etc..  and 
stimulate  production  by  offering  prizes  to  the  young 
people  on  the  farm.  It  is  showing  the  farmer  how  to 
keep  cost  accounts  and  how  to  make  cost  statements ;  in 
short,  to  know  his  business  both  from  the  technical  and 
from  the  business  standpoint.  To  worthy  persons  they 
stand  ready  to  make  a  small  loan  to  be  used  for  construc- 
tion work  or  for  improvement  under  the  supervision  of 
the  bank's  field  agent.  Every  banker  will  ask  himself. 
Does  it  pay?  It  has  cost  the  Plymouth  Trust  Company 
$4000  a  year  net  to  supply  this  service  to  farmers  in  and 
about  Brockton,  but  as  a  result  of  this  and  similar  activ- 
ities the  deposits  have  increased  in  the  past  five  vears 
from  $400,000  to  §3,000.000." 

This  instance  of  cooperation  between  the  bankers  and 
the  productive  industries  is  evidence  of  an  awakening  to 
opportunity  in  which  we  may  take  great  hope.  Not  only 
is  there  a  recognition  of  a  "  more  business-like  application 
of  credit  "  which  rests  upon  the  fundamental  laws  con- 
ditioning the  prosperity  of  the  wealth -creating  industries, 
but  there  is  also  evidence  of  a  real  spirit  of  interest  and 
helpfulness,  in  that  there  is  maintained  a  personal  and 

ENGINEERS'  CLUB 


intimate  contact  thru  scientifically-trained  bank  represen- 
tatives. 

In  the  field  of  industrial  hanking  we  have  also  just 
reason  to  feel  that  an  appreciation  of  the  broader  field 
of  usefulness  of  banking  facilities  is  being  felt.  Under 
wise  leadership  the  National  City  Hank  of  New  York  has 
inaugurated  an  industrial  service  department  which  it  is 
believed  will  have  a  most  helpful  influence  in  the  field  of 
industrial  development.  In  setting  forth  the  ideals  of  this 
new  field  of  service,  Mr.  Schwedtman  states  in  The 
Americas  of  July.  1917.  that: 

"  The  managing  executive  of  commercial  organizations 
has  for  a  long  time  felt  that  the  professional  banker  often 
fails  sufficiently  to  interpret  statement  sheets  in  terms 
which  show  to  best  advantage  the  assets  which  to  him  are 
of  greatest  ini|>ortance.  On  the  other  hand,  the  banker 
has  sometimes  been  impatient  with  the  commercial  man- 
ager who  does  not  comprehend  to  the  full  extent  the 
essential  necessity  of  well-defined  limits  of  certain  ratios 
between  quick  assets  and  current  liabilities  for  a  safe 
banking  loan."    .    .  . 

''A  large  part  of  our  commercial  life  is  o|>cratcd  upon 
an  industrial  basis,  and  the  banks  of  the  country  must 
organize  themselves  to  render  credit -extension  service 
sufficiently  interpreted  in  the  terms  of  '  Plant  and  F.quip- 
ment,"  '  Personnel  of  Officers,'  '  Labor  Conditions  in  the 
Factory,'  '  Ty|>c  and  Quality  of  Product,'  '  Profit  and 
Loss  Hased  oh  Scientific  Cost."    .    .  . 

"  One  lesson  which  the  present  world-struggle  has  im- 
pressed ujion  us  is  the  fact  that  success,  whether  in  the 
pursuits  of  |>eacc  or  war.  demands  organization.  The 
military  organization,  with  its  requirements  of  blind 
obedience,  is  not  efficient  in  peace  pursuits.  In  the  or- 
ganization of  a  connecting  link  between  our  banking  and 
industrial  interests  there  must  be  a  means  for  intelligent 
cooperation  based  on  mutual  understanding  which  elim- 
inates blind  adherence  to  '  rule-of-thumb '  on  the  part 
either  of  the  commercial  organizations  or  the  banking 
institutions."    .    .  . 

"  Perceiving  this  need,  the  National  City  Hank  of 
New  York,  in  establishing  a  new  department  of  '  Indus- 
trial Service,'  hopes  not  only  to  increase  the  usefulness  of 
its  banking  facilities  to  business  by  adding  to  its  means  of 
recognizing  and  crediting  merit  where  credit  is  due,  and 
thus  to  blaze  the  way  for  more  constructive  cooperation 
between  banker  and  client,  but  also,  by  placing  the  empha- 
sis on  better  methods  of  doing  business,  to  help  swell  the 
tide  of  interest  in  scientific  cost-keeping  and  more  efficient 
management  regarded  by  keen  observers  as  essential  to 
our  success  in  the  world-wide  economic  struggle  certain 
to  follow  the  present  war."    .    .  . 

"  Looked  at  from  the  bank's  viewpoint,  the  Industrial 
Service  Department  should  supplement  the  present  credit 
information  with  facts  and  angles  on  the  condition  of 
prospective  customers  which  should  be  of  the  greatest 
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value  to  the  officers  of  the  bank  in  deciding  the  momen- 
tous question  of  whether  credit  shall  or  shall  not  he  ex- 
tended. It  should,  in  short,  doubly  insure  the  hank  against 
taking  on,  unsuspectingly,  industries  which  are  potentially, 
if  not  actually  at  the  present  moment,  poor  risks.  It  may 
not  be  generally  recognized  as  yet,  but  it  is  a  fact  never- 
theless, that  all  human  activity  is  governed  by  a  fairly 
well-defined  set  of  principles  or  laws.  These  it  is  the  busi- 
ness of  the  industrial  engineer  to  understand.  In  propor- 
tion as  he  does  understand  them,  and  is  able  to  trace  their 
manifestation,  is  he  able  to  diagnose  the  condition  of  the 
industrial  '  patient '  and  to  predict,  almost  with  the  pre- 
cision of  an  astronomer  in  forecasting  an  eclipse,  the  out- 
come of  events  if  the  policies  now  in  force  are  persisted  in. 

"  That  a  business  to-day  is  prosperous  and  can  show  a 
favorable  balance  sheet,  that  it  now  enjoys  the  best  of 
credit  locally  and  is  by  all  who  have  relations  with  it  held 
in  high  esteem,  is  certainly  useful  information;  but  it  is 
by  no  means  assurance  positive  that  two,  five,  or  ten  years 
hence  that  business  will  still  be  in  the  running,  livery 
institution,  even  as  every  individual,  contains  within  itself 
the  potentiality  of  better  things  or  worse,  and  just  as  the 
sea  is  always  calmest  immediately  before  a  storm,  so  the 
business  apparently  smooth  and  serene  to-day  may  to- 
morrow or  a  year  hence  begin  to  develop  the  disorders 
which  foretell  the  coming  decline.  The  trained  indus- 
trialist is  not  deceived  by  surface  indications,  but,  like  the 
skilled  navigator,  is  able  to  look  thru  and  beyond  and  per- 
ceive an  impending  crisis  in  affairs  long  before  there  are 
book  evidences  of  it. 

"  Xor  is  the  opportunity  for  influence  limited  to  ap- 
plicant plants.  Kstablished  customers,  indeed,  offer  even 
a  bigger  field.  If  it  is  important  that  the  bank  extend  its 
facilities  to  sound  and  ably  conducted  enterprises  only,  it 
is  no  less  important  that  those  plants  already  enjoying 
support  shall  continue  to  be  worthy  of  it.  The  possibili- 
ties for  rendering  constructive  service  of  a  high  order  to 
the  bank's  'family  of  industries,'  by  gaining  their  more 
intimate  acquaintanceship,  is  limited  only  by  the  ability, 
sincerity,  and  energy  of  the  hank's  representatives — those 
whose  function  it  really  is  to  'humanize  financial 
relations.' 

"...  The  chief  effort,  therefore,  of  "Industrial 
Service'  will  be  exerted  along  strictly  cooperative  and 
educational  lines. 

"  What  an  infinite  deal  can  be  wrought  thru  the  chan- 
nels of  education!  Ignorance  is  our  common  foe;  if  we 
knew  better,  we  would  do  better.  Yet  so  vast  is  the  field 
of  human  knowledge,  so  manifold  its  ramifications,  that  a 
man  might  easily  s|>end  a  lifetime  investigating  one  single 
subject  and  then  not  get  to  the  bottom  of  it.  Cooperation 
in  the  interchange  of  knowledge  and  ideas,  therefore,  is 
an  absolute  essential  to  progress,  and  the  individual,  what- 
ever his  station  in  life,  who  shuts  himself  off  from  his 
fellows,  who  assumes  that  he  knows  all  there  is  to  know, 


or  at  least  all  that  is  worth  knowing  about  his  specialty,, 
is  standing  in  his  own  light.  He  not  only  robs  himself  but 
all  society,  and  the  loss  is  in  proj>ortion  to  his  respon- 
sibility."   .    .  . 

"  Last,  but  by  no  means  least,  we  will  do  what  we 
can  to  cooperate  with  educational  institutions  and  move- 
ments which  are  wrestling  w  ith  the  great  problem  of  in- 
creasing our  supply  of  competent  managerial  material. 
"As  the  manager,  so  the  factory.'  The  future  of  American 
industry  is  going  to  depend  a  vast  deal  on  how  successful 
we  arc  in  training  our  young  men  for  industrial 
leadership." 

With  the  permission  of  Mr.  Schwedtman  is  presented 
herewith  a  diagrammatic  form,  the  embodiment  of  the 
new  Industrial  Service  Department,  in  the  scheme  of  the 
bank's  organization. 

A  study  of  this  chart  will  show  quite  clearly  the  thoru 
manner  in  which  the  bank  is  prepared  to  be  of  specific 
help  to  the  manufacturer  in  every  field  of  technical  and 
financial  service.  A  new  industrial  philosophy  is  spring- 
ing into  being,  and  the  spirit  of  intelligent  helpfulness  is- 
guiding  our  endeavors  more  firmly  to  establish  the  founda- 
tions of  our  national  welfare  and  growth. 

2.  THE  RELATION  OF  OUR  UNIVERSITIES  AND 
EDUCATIONAL  INSTITUTIONS  TO  THE 
INDUSTRIES 

It  it  impossible  to  record  the  development  of  our  manu- 
facturing institutions  without  bearing  testimony  to  the 
labors  of  the  scientists  whose  investigations  and  researches 
have  been  the  very  corner-stone  upon  which  the  industries 
arc  founded.  While  this  is  so  obviously  true,  its  signifi- 
cance is  not  always  realized,  and  there  has  accordingly 
developed  in  many  quarters  a  dc]>arturc  of  the  industry 
from  the  help  of  the  scientist  and  a  failure  of  the  scientist 
to  cooperate  with  the  industry.  Consequently  the  scien- 
tific spirit  or  attitude  of  mind  is  lacking  in  many  of  our 
industrial  institutions,  and  the  engineering  and  scientific 
schools  where  the  activities  of  the  scientist  are  largely 
confined  have  not  always  embodied  those  methods  of 
operation  which  make  apparent  their  industrial  usefulness. 

The  time  has  passed,  if  indeed  it  ever  has  been,  when 
the  industries  and  the  engineering  schools  can  come  to 
their  full  |H>ssibililies  without  close  cooperation.  The  sep- 
aration of  the  two  institutions,  whose  technical  interests 
at  least  are  one,  has  been  a  loss  to  both  in  spite  of  the 
rapid  development  of  each.  The  men  coming  from  our 
schools  have  not  been  as  well  prepared  for  immediate  use- 
fulness as  they  might  have  been,  and  the  industries  have 
failed  to  profit  by  the  results  of  scientific  discoveries 
which  have  never  become  known  beyond  academic  circles. 
In  fact,  one  of  the  greatest  services  to  be  rendered  by  our 
engineering  schools  lies  not  so  much  in  the  discovery  of 
new  facts  and  principles  as  in  the  introduction  in  the 
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industries  oi  many  scientific  discoveries  dormant  in  the 
archives  of  the  scientist,  the  commercial  possibilities  of 
which  have  never  been  appreciated.  The  patient  search 
for  scientific  laws  and  principles  underlying  industrial 
processes  and  economic  relations  by  those  skilled  in 
methods  of  research,  and,  moreover,  the  careful  and 
judicious  application  to  an  almost  limitless  field  of  human 
endeavor  of  the  already  established  facts  and  laws  which 
have  never  been  put  to  effective  us;\  together  with  the 
preparation  of  highly  skilled  engineers  capable  of  making 
and  supervising  these  applications,  is  a  plane  of  useful- 
ness to  which  our  universities  must  rise  that  they  may 
take  their  proper  place  in  the  development  and  growth  of 
our  nation.  Here,  also,  the  obligations  of  this  develop- 
ment lie  both  within  and  without  the  academic  walls. 

While  engineering  is  highly  technical,  it  is  essentially 
an  economic  study.  Just  as  the  banker  operates  thru  the 
medium  of  bonds  and  stocks  and  is  successful  as  he  under- 
stands the  laws  which  condition  their  value,  so  the  en- 
gineer o]>eratcs  thru  materials,  machinery,  and  men, 
and  is  successful  as  he  understands  the  laws  which  con- 
dition the  existence  and  prosperity  of  manufacturing  in- 
stitutions. While  the  most  direct  effect  of  engineering 
education  in  the  past  has  been  its  contribution  to  purely 
scientific  facts  and  principles,  to  the  exclusion  from  con- 
sideration of  those  conditions  under  which  these  may  lie 
commercially  useful,  the  economic  necessities  of  the  in- 
dustries demand  that  we  modify  both  the  content  and  the 
spirit  of  the  subject-matter  handled  and  more  closely 
parallel  the  economic  requirements  of  engineering  prac- 
tice. The  tendency  in  our  engineering  schools  to-day, 
therefore,  while  emphasizing  the  necessity  of  excellence  in 
the  treatment  of  scientific  facts  and  methods  of  analysis, 
must  be  increasingly  toward  that  commercial  and  economic 
treatment  which  is  so  essential  to  an  adequate  know  ledge 
of  the  use  of  science  in  engineering  service.  We  find, 
accordingly,  that  those  subjects  in  engineering  instruction 
which  were  formerly  thought  to  have  their  sole  founda- 
tion in  the  sciences  of  physics,  chemistry,  and  mathematics, 
and  which  conveniently  admitted  of  formulated  treat- 
ment, must  be  modifier  I  in  their  presentation  to  the  in- 
clusion of  questions  of  co-t  and  the  influences  of  economic 
environment.  Tho  it  was  once  believed  that,  because  en- 
gineering practice  required  a  knowledge  of  scientific  facts 
and  principles,  instruction  in  these  alone  was  a  sufficient 
preparation  for  the  practice  of  the  profession,  it  is  realized 
that  this  is  not  sufficient,  and  that  a  knowledge  of  the 
economic  adaptability  of  tacts  and  principles  is  of  equal, 
if  not  of  greater,  importance  to  an  adequate  understanding 
of  engineering  practice. 

Accordingly,  white  formerly  a  student  was  taught  to 
manipulate  with  the  mathematics  of  thermodynamics  in 
explanation  of  the  behavior  of  steam  in  an  engine,  and 
instructed  in  the  principles  of  performance  of  water 
wheels  thru  the  sciences  of  hydraulics  and  mechanics,  and 
to  compute  the  stresses  in  a  framed  structure  thru  the 
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principles  of  graphical  statics,  he  must  be  taught,  in  addi- 
tion to  these,  that  the  cost  at  which  power  may  be  gen- 
erated is  determinable  by  clearly  defined  principles  and 
laws  by  means  of  which  he  may  decide  whether  a  steam- 
power  plant  or  oil-engine  installation  or  water-power 
development,  each  with  a  given  type  of  housing  structure, 
is  capable  of  producing  power  in  this  locality  or  that 
locality  with  minimum  cost  of  investment,  depreciation 
charges,  and  cost  of  labor  and  materials  in  operation  to 
satisfy  a  real  demand  and  justify  its  creation.  He  must 
learn  not  only  how  a  machine  pattern  is  made  by  some 
method  selected  for  demonstration  by  the  instructor,  but 
also  that  it  may  be  made  in  a  variety  of  ways,  each  of 
which  is  justifiable  according  to  the  quantity  of  pro- 
duction, demand  for  rearrangement  of  parts,  adaptability 
to  economic  methods  of  moulding,  and  to  other  conditions 
affecting  the  cost  of  producing  castings  by  it.  Not  only 
should  he  learn  to  determine  the  proportions  of  machine 
parts  to  suit  the  loads  imposed  upon  them,  but  also  that 
the  proportions  must  be  modified  to  jiermit  the  part  to  be 
duplicated  in  a  scries  of  sizes  of  a  given  class  of  machine, 
or  to  facilitate  founding  and  machining  operations,  that 
the  completed  machine  may  be  supplied  to  the  market  at  a 
price  and  in  competition  with  other  manufacturers  of  the 
same  class  of  goods. 

These  attempts  of  our  engineering  schools  in  the  past 
to  make  the  instruction  in  engineering  subjects  more 
nearly  representative  of  standard  practice  have  met  w  ith 
more  or  less  success,  depending  on  the  closeness  of  con- 
tact of  the  instructors  with  engineering  practice  and  their 
ability  to  incorporate  the  spirit  of  engineering  in  methods 
of  instruction.  The  effect  of  a  proper  amalgamation  of 
the  purely  scientific  and  technological  aspects  of  engineer- 
ing with  the  economic  and  commercial  principles  upon 
which  successful  practice  is  founded  is  to  create  in  the 
student  that  sense  of  proportion  and  judgment  which 
tends  to  economize  his  efforts  in  contributing  to  scientific 
progress  and  inventions.  N'ot  only  will  he  know  how  to 
proceed  to  judge  the  scientific  feasibility  of  a  project,  but 
also  to  determine  what  commercial  limitations  make  a 
•  cientitically  possible  project  impracticable ;  and.  more- 
over, if  he  has  that  rare  spirit  of  inquiry  developed  by 
proper  methods  of  instruction,  he  may  be  able  to  deter- 
mine that  commercial  limitations  in  a  given  field  of  prac- 
tice exist  because  of  an  insufficient  or  entire  lack  of 
knowledge  of  scientific  facts  and  principles,  and  thus  be 
led  to  an  investigation  of  scientific  foundations  the  suc- 
cessful issue  of  which  may  be  a  most  important  contribu- 
tion to  the  revolution  of  engineering  practice  in  a  given 
field.  Perhaps  the  most  striking  instance  of  this  latter 
kind  of  scientific  investigation  is  that  conducted  by  the 
late  Dr.  Fred  W.  Taylor.  His  studies  in  the  ancient  art 
of  cutting  metals  and  the  discoveries  resulting  therefrom 
have  not  only  caused  the  redesign  of  nearly  all  of  our 
metal-cutting  machines  to  the  improvement  of  their  func- 
tional characteristics,  but  has  completely  revolutionized 
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the  methods  of  machine-shop  management,  the  influence 
of  which  is  felt  in  many  quarters  not  at  all  concerned  with 
engineering'  processes. 

Hut  this  attitude  of  mind  necessary  to  a  proper  con- 
duct of  an  educational  campaign  for  industrial  better- 
ment  cannot  develop  without  the  cooperation  of  the  in- 
dustries themselves.  We  may  inquire,  therefore,  into  the 
nature  of  this  cooperation  demanded  and  the  ways  in 
which  it  may  be  accomplished. 

For  many  years  we  have  been  accustomed  to  look 
upon  the  work  of  the  Department  of  Agriculture  as 
rational  and  necessary  to  the  development  of  our  agricul- 
tural resources.  Thru  the  operations  of  its  Agricultural 
Experiment  Stations  in  every  state  in  the  I'nion.  its  scien- 
tific laboratories  and  the  work  of  its  trained  investigators 
at  Washington,  and  more  recently  thru  its  trained  agricul- 
tural agents  in  every  district  of  the  nation,  the  depart- 
ment has  been  of  invaluable  help  in  promoting  the  most 
efficient  methods  of  crop  and  livestock  production.  Dur- 
ing the  present  year  the  budget  of  the  Department  calls 
for  an  expenditure  of  over  $29,000,000  and  will  employ 
over  7000  workers  in  all  lines  of  research  and  the  intro- 
duction of  better  farming  methods.  This  expenditure  of 
money  and  labor  will  effect  the  better  use  of  $50,000,000,- 
000  worth  of  investment  in  farm  property  and  livestock 
and  serve  to  increase  its  productivity,  which  approx- 
imately amounts  to 


Dairy  products   $750,000,000 

Wool  products      80,000.000 

Poultry  and  eggs   250.000.000 

Honey  and  wax   6.000.000 

Domestic  animals     2,000,000,000 

Farm   products,   such   as  wheat, 

corn,  etc                            ....  7.000,000,000 


Or  a  total  of   .$10,086,000,000 


It  is  also  effective  in  the  better  education  of  over 
7,000.000  farm  workers  on  whom  dependence  in  better 
farming  methods  must  be  placed. 

When  wc  seek  for  the  same  evidence  of  cooperation 
between  science  and  industry  in  the  manufacturing  field, 
we  find  that  no  organization  of  this  sort  is  to  be  found. 
There  is,  of  course,  good  evidence  of  individualistic  effort 
in  many  quarters,  both  in  research  and  in  the  promotion 
of  better  methods  of  production,  yet  there  does  not  exist 
the  cooperative  effort  which  the  importance  and  value  of 
the  industries  demand. 

It  may  safely  be  estimated  that  the  capital  invested  in 
manufactures  is  perhaps  $25,000,000,000,  and  the  annual 
value  of  manufactured  products  of  all  sorts  nearly 
$30,000,000,000.  Approximately  8,000,000  people  are 
employed  in  the  strictly  manufacturing  industries,  and  the 
value  added  thru  their  labors  is  nearly  $12,000,000,000. 

Surely  the  economic  importance  of  our  manufacturing 
interests,  as  above  reviewed,  indicates  a  real  demand  for 
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organized  scientific  effort  to  conserve  and  develop  to  its 
fullest  possibilities  this  strong  right  arm  of  the  nation. 

Those  industries  which  could  afford  industrial  re- 
search laboratories  have  demonstrated  their  value  beyond 
doubt.  The  wonderful  laboratories  of  the  General  Elec- 
tric Company,  the  Eastman  Kodak  Company,  and  others 
with  abundant  means  are  counted  among  the  big  assets  of 
the  organization,  since  they  have  nwterially  contributed 
to  the  strength  of  these  institutions. 

It  is  such  times  as  these,  when  all  industries,  both 
great  and  small,  are  depended  upon  for  the  creation  of 
those  products  which  our  recently  established  $19,000,- 
000.000  credit  hopes  to  purchase,  that  we  realize  the  need 
of  helping  those  who  surely  need  the  assistance  of  indus- 
trial development  laboratories  but  cannot  afford  the  in- 
vestment or  maintenance  charges.  In  this  connection  it  is 
extremely  interesting  to  note  the  following  paragraph 
from  a  recent  issue  of  a  New  York  paper: 

"  COOPERATION  IN  RESEARCH 

British  Hay  of  Bringing  about  Progress  in  Industrits 

"  Realizing  that  many  industrial  firms  are  barred  from 
the  benefits  of  scientific  research  into  their  particular 
lines  of  activity  by  the  great  cost,  reports  Consul  Franklin 
D.  Hale,  Huddcrsfield,  England,  the  Committee  of  the 
Privy  Council  for  Scientific  and  Industrial  Research  pro- 
poses the  introduction  of  the  cooperative  idea.  In  this 
way  a  firm  that  is  unable  to  hear  the  entire  expense  of 
research  could  contribute  to  the  cost  and  share  in  the 
benefits  accruing  to  an  industry  as  a  whole.  It  is  planned 
to  establish  trade  research  associations  in  F.ngland,  to  be 
formed  as  needed  for  each  industry  or  group  of  indus- 
tries, and  aided  by  certain  funds  which  the  committee  has 
in  charge.  One  association  is  about  to  be  organized  for 
the  cotton  industry,  and  others  will  be  formed  as  soon  as 
possible  for  the  wool,  flax,  oil.  and  photographic  industries. 

"  The  work  that  has  already  been  accomplished  thru 
the  committee's  efforts,  according  to  Mr.  Hale,  includes 
the  discovery  of  three  kinds  of  optical  glass,  the  investiga- 
tion of  light  alloys  for  use  in  aircraft,  and  the  production 
of  a  new  hard  porcelain  from  purely  British  raw  material. 
Researches  into  the  recovery  of  tin  are  expected  to  save 
that  industry  a  very  large  amount  each  year." — Setv  York 
Times. 

All  phases  of  this  subject  cannot  be  considered,  but  it 
is  sufficient  to  point  out  that  the  particulars  of  this  need 
for  industrial  betterment  seem  to  reside  in  the  creation  of 
industrial  research  facilities  and  in  the  training  of  men 
thru  whom  research  may  be  conducted  and  introduced  in 
the  industries.  In  the  last  analysis  the  successful  issue 
of  this  project  must  rest  primarily  upon  the  training  of 
men.  for  not  only  must  better  production  methods  be  dis- 
covered for  particular  industries,  but  there  must  afso  be 
those  who  shall  actually  introduce  and  operate  them. 
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Quite  clearly,  therefore,  does  there  seem  to  be  an  obliga- 
tion resting  on  the  universities  and  the  industries  which 
can  only  be  accomplished  on  a  high  plane  of  cooperation. 

In  what  form  shall  this  cooperation  exist,  and  what 
shall  be  the  specific  means  thru  which  it  shall  become 
effective? 

Of  the  several  possibilities  which  suggest  themselves, 
it  seems  that  most  fruitful  results  will  follow  from  the 
establishment  at  our  universities,  located  in  industrial 
centers,  of  industrial  development  laboratories,  to  which 
all  industries,  both  great  and  small,  may  have  an  equal 
access.  The  endowment  of  these  laboratories  that  they 
may  be  independent  of  any  income  from  specific  indus- 
trial interests  is  absolutely  essential  to  their  free  dcvclop- 
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mcnt  and  operation.  With  the  establishment  of  such 
facilities  there  can  be  little  doubt  but  that  the  great  poten- 
tial energies  of  our  universities  can  be  made  directly 
available  to  the  improvement  of  industrial  processes.  Not 
only  will  this  be  of  benefit  to  the  industries,  but  it  also 
will  react  favorably  to  the  universities  and  stimulate  pro- 
ductive scholarship  and  scientific  research  which  will  Ite 
felt  in  every  field  of  human  endeavor.  It  is  believed  that 
these  laboratories  will  soon  demonstrate  their  usefulness 
in  the  manufacture  of  every  commodity,  and,  altho  their 
introduction  into  the  university  organization  must  be 
gradual,  it  will  not  be  long  before  the  demands  of  the 
industries  will  require  an  equipment  and  organization 
which  will  compare  favorably  with  that  now  possessed 
by  the  agricultural  interests.  A  conception  of  what  these 
laboratories  may  be  is  shown  in  Fig.  2.  The  group  of 
buildings  has  been  arranged  by  a  body  of  interested  men 
to  aid  in  the  realization  of  how  this  sort  of  project  may 
ultimately  develop,  and  is  only  intended  to  serve  as  an 
objecti\e  toward  which  we  should  strive. 

Together  with  the  investigation  of  the  technical  prob- 
lems of  the  industries,  these  laboratories  must  also  fully 
consider  the  methods  of  organization  and  management 
by  means  of  which  the  results  of  industrial  research  may 
be  effectively  employed  in  the  industries.  Therefore  it  is 
believed  that  such  a  project  as  this  should  also  serve  to 
promote  better  methods  of  management  thru  which  in- 
dustrial process  development  may  most  effectively  be 
realized. 
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3.  BROADER  CONCEPTION  OF  RESPONSIBILITY  IN 
FACTORY  MANAGEMENT 

So  much  has  been  written  on  the  problems  of  pro- 
duction, both  in  regard  to  their  general  aspects  and  in 
relation  to  their  specific  solutions  in  |»articular  cases,  that 
it  seems  as  if  enough  had  already  been  disclosed  ii|>on  the 
basis  of  which  successful  procedure  in  particular  indus- 
tries might  be  formulated. 

For  the  past  twenty-five  years  there  have  been  accumu- 
lated volumes  relating  to  details  of  facts,  methods  of 
analysis,  and  routine  organization  plans  for  the  effective 
conduct  of  tool-rooms,  stock-rooms,  planning  departments, 
general  offices,  specific  production  departments,  and  for 
the  efficient  use  of  men  and  machines.  There  is  scarcely 
an  industry  about  which  literature  of  the  above  sort  can- 
not be  found.  Unfortunately,  however,  we  are  so  con- 
stituted that  the  creation  of  this  literature  is  not  alone 
sufficient  to  stimulate  improvements  in  methods  of  pro- 
duction. In  spite  of  the  fact  that  information  on  methods 
of  scientific  cost-keeping  can  be  had  almost  for  the  ask- 
ing, the  Federal  Trade  Commission  has  reported  that  only 
ten  per  cent,  of  our  industrial  establishments  have  a  cost 
system  worthy  of  the  name.  This  lack  of  cost  informa- 
tion is  indicative  of  inefficiencies  in  processing  and  man- 
agement which  can  be  effectively  controlled  only  thru  a 
knowledge  of  cost  factors.  Thus  it  appears  that  there  is 
real  need  for  an  educational  campaign  which  shall  seek  to 
establish  as  a  basic  principle  in  American  industries  those 
methods  and  policies  which  have  been  so  successfully  tried 
in  particular  cases.  And  this  campaign  must  be  waged 
among  those  who  are  in  positions  of  authority,  who  exer- 
cise the  managerial  function  and  arc  responsible  tor  the 
policies  which  govern  the  business  over  which  they  pre- 
side. Engineers  discuss  these  things  among  themselves, 
and  institutions  presided  over  by  engineers  benefit  by  these 
discussions,  but  there  is  not  that  freedom  of  association 
between  engineers  and  financial  interests  which  dictate 
policies  to  create  a  scientific  attitude  of  mind  in  the  man- 
agement of  affairs.  While  the  engineer  is  in  some  meas- 
ure responsible  for  this  condition,  nevertheless  it  seems 
that  ownership  interests  must  evidence  a  real  desire  for 
the  acquisition  of  the  engineering  point  of  view  before 
much  real  assistance  can  he  rendered,  (  rises  such  ns  the 
present  have  broken  down  many  forms  of  control  based 
on  inadequate  knowledge  of  affairs  to  be  controlled,  and 
thus  the  value  of  the  engineering  aspect  of  industrial 
organization  and  control  is  being  more  adequately  recog- 
nized. It  seems,  therefore,  that  one  of  the  principal  prob- 
lems of  the  managerial  function  is  to  determine  the  basic 
prime  variables  of  the  industry  it  projnjses  to  control  and 
establish  means  by  which  these  may  be  quickly  and  con- 
veniently recorded  and  analyzed. 

I'nder  such  methods  the  management  will  not  be  re- 
quired to  call  in  a  department  head  and  ask  for  a  state- 
ment of  affairs.  This  immediately  makes  known  to  the 
department  head  that  the  manager  docs  not  know  what  is 
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really  being  accomplished,  and  his  influence  is  accordingly 
lessened.  If,  however,  these  affairs  are  known  to  the 
management  thru  adequate  records,  it  will  be  possible  for 
the  management  to  call  in  any  particular  department  head 
and  tell  him  that  his  department  is  not  going  to  slum- 
results  if  present  eonditions  continue,  why  it  is  not.  and 
what  particular  things  must  be  remedied  to  obtain  better 
results  and  how  it  may  be  done.  There  is  nothing  so 
helpful  to  the  keeping  of  all  divisions  of  manufacture  up 
to  a  high  state  of  perfection  as  the  feeling  that  the  man- 
agement really  knows  what  is  going  on  and  can  Ik-  of  real 
help  when  assistance  is  required.  When  the  management 
adopts  the  attitude  of  real  helpfulness  ami  looks  U]>on  it- 
self as  the  chief  servant  of  the  industry,  then  we  will 
have  made  a  great  advance  toward  a  more  adequate  con- 
trol of  enterprises.  It  is  the  duty  of  the  management  to 
foresee  and  prevent  difficulties  arising,  and  this  can  only 
be  accomplished  by  the  establishment  of  adequate  channels 
of  information  on  the  factors  which  condition  the  success 
of  the  enterprise. 

It  has  been  the  experience  of  many  to  learn  of  well- 
conceived  schemes  of  plant  management  tailing  away  from 
the  plane  of  perfection  on  which  they  have  been  estab- 
lished and  thus  discredit  the  value  of  scientific  manage- 
ment principles.  This  again  seems  to  indicate  the  need 
of  an  educational  campaign  among  those  who  are  to  be 
depended  upon  to  operate  and  keep  in  adjustment  the 
new  machine  by  which  manufacture  is  to  be  controlled. 
No  one  would  expect  a  delicately  adjusted  machine  to 
operate  well  in  the  hands  of  an  unskilled  mechanic,  yet 
many  highly  developed  plans  of  management  have  been 
expected  to  continue  in  good  operation  in  the  hands  of 
unsympathetic  and  poorly  informed  foremen.  It  seems 
that  those  who  are  capable  "of  conceiving  the  broader 
principles  of  management  and  devising  means  for  their 
embodiment  in  industries  have  gone  too  far  beyond  the 
capacity  of  those  who  arc  supposed  to  cooperate  under- 
standing!)-. In  any  improvement  in  management  methods 
there  must  accordingly  be  promulgated  a  sympathy  and 
understanding  on  the  part  of  those  affected  thereby.  It 
is  dangerous  to  proceed  in  improvements  beyond  this 
point,  for  the  plant  will  soon  drop  back  to  the  level  of 
understanding  of  the  force  and  the  investment  will  be  lost. 

Employers  must  surely  take  an  interest  in  the  educa- 
tion of  their  men,  for  no  progress  can  be  made  beyond 
the  general  plane  of  intelligence  of  the  shop. 

This  can  be  accomplished  thru  coi>|>eration  with  trade 


schools,  correspondence  schools,  and  the  industrial  de- 
partments of  the  V.  M.  C.  A.  No  matter  how  excellently 
the  scheme  of  management  and  the  methods  of  operation 
may  be  devised,  no  permanent  progress  will  be  made  nor 
results  attained  if  the  vitalizing  influence  is  lacking.  This 
sort  of  problem  cannot  be  solved  in  terms  of  x  and  y,  and 
its  iin|>ortance  is  great  in  proportion  to  its  difficulty  of 
formulation.  It  is  the  thing  which  holds  men  together  and 
creates  in  them  a  real  desire  to  cooperate.  It  prevents 
men  from  taking  a  secret  pride  in  another  man's  down- 
fall or  failure.  It  makes  each  department  head  feel  that 
he  is  there  to  serve  every  other  department,  and  his  suc- 
cess is  measured  in  terms  of  real  service  and  helpfulness. 
An  organization  without  this  spirit  is  dead  and  will  never 
hold  together  for  a  long  period  of  time.  While,  there- 
fore, it  is  incumbent  on  the  management  to  see  that  the 
best  methods  of  operation  arc  devised  and  the  most  reli- 
able means  of  control  arc  established,  it  is  believed  that 
these  will  never  accomplish  the  desired  result  without  a 
proper  selection  of  personnel  thru  which  the  real  life  of 
the  organization  may  be  maintained. 

It  is  beyond  the  province  of  this  discussion  to  con- 
sider the  details  involved  in  the  formulation  of  methods 
of  procedure  by  means  of  which  these  problems  of  man- 
agement may  be  solved  in  any  industry,  for,  while  each 
kind  of  industry  presents  the  same  general  management 
problems,  the  means  employed  for  their  solution  are  very 
often  quite  different,  because  of  the  nature  of  the  com- 
modity dealt  with  and  local  conditions  to  be  encountered, 
and  therefore  these  details  arc  not  particularly  helpful. 
We  wish  rather  to  realize  that  there  is  lacking  in  Amer- 
ican industrial  life  that  conception  of  the  management 
function  which  is  the  foundation  upon  which  all  success- 
ful methods  of  factory  operation  must  rest.  When  the 
engineer  is  more  intimately  associated  with  our  financial 
interests  and  the  university  is  more  closely  identified  with 
productive  enterprises,  it  is  believed  that  the  resulting 
amalgamation  will  effect  a  change  in  attitude  toward  the 
problems  of  management  which  will  inaugurate  the  crea- 
tive measures  necessary.  It  seems  there  must  be  a  closer 
cooperation  of  all  interests  factoring  in  industrial  devel- 
opment in  order  that  a  true  perspective  may  be  had  of 
the  scientific,  financial  and  human  elements  of  the  man- 
agement problem.  It  is  believed  that  this  must  be 
effected  by  a  campaign  of  education  which  shall  include 
the  man  at  the  bench  as  well  as  those  who  control  his 
environment. 
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THE  present  situation  regarding  ships  is  acute. 
The  published  reports  of  the  sinkings  of  vessels 
by  submarines  indicate  that  a  vast  tonnage  has 
been  destroyed  and  the  mad  uncivilized  warfare  goes 
on.   Wc  must  meet  it  and  beat  it,  and  beat  it  we  will. 

When  the  German  Government  decided  it  would 
break  one  more  of  its  promises  and  remove  itself  one 
more  step  from  the  practices  of  civilized  people,  it 
made  the  vital  mistake  of  assuming  that  the  United 
States  would  either  allow  it  to  proceed  as  it  desired 
or  else  would  put  small  hindrance  in  its  way.  It 
guessed  wrong  in  this  as  it  has  guessed  wrong  in  so 
many  cases.  Every  ounce  of  energy  and  every  resource 
we  possess  will  be  used  to  the  utmost  to  win  this  war, 
and  we  must  win  it  in  such  a  conclusive  wav  that 


help  increase  the  tonnage  is  of  interest  to  the  Gov- 
ernment. This  brought  up  the  question  of  constructing 
vessels  of  concrete. 

I  am  not  going  into  a  discussion  of  the  details  of 
designing  a  concrete  ship,  but  it  will  be  interesting 
to  those  who  have  not  studied  the  problem  to  consider 
the  general  assumption  upon  which  such  a  design  is 
based. 

In  the  first  place,  the  boat  is  supposed  tq  be  sup- 
ported in  two  different  ways:  first,  for  hogging,  and, 
second,  for  sagging.  That  is,  the  wave  in  one  instance 
is  supposed  to  support  the  ship  in  the  center,  with  the 
ends  more  or  less  hanging  out  in  space ;  and,  in  the 
second  case,  the  ship  is  supported  at  the  bow  and 
stern  on  the  crest  of  the  waves,  the  trough  of  the  wave 
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future  generations  will  never  have  the  job  to  do  over 
again. 

In  this  work  wc  have  many  problems  to  solve,  and 
one  of  the  biggest  of  these  is  the  problem  of  providing 
sufficient  ships.  We  are  straining  every  effort  to  that 
end.  Boats  are  being  built  as  rapidly  as  our  shipyards 
can  turn  them  out,  and  anything  which  promises  to 

•  Paper  read  at  meeting  of  the  Delaware  River  Rranch  of 
the  American  Society  of  Marine  Draftsmen,  January  II,  1918. 
at  the  Engineers'  Club. 
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being  under  the  center  of  the  boat.  These  waves  are 
supposed  to  be  of  a  height  one-twentieth  the  length 
of  the  ship.  Considering  the  ship  as  a  beam,  this 
produces  alternate  tensile  and  compressive  stresses  in 
both  the  top  and  bottom  of  the  structure.  This  governs 
the  design  of  the  ship  as  a  longitudinal  girder. 

The  ship  also  must  be  designed  so  that  the  sides 
and  bottom  will  resist  the  hydrostatic  pressure,  and  for 
this  a  system  of  transverse  members,  called  frames,  is 
provided.  The  frame  is  our  big  job.  The  method  of 
solution  usually  used  is  to  consider  the  frame  as  a  ring 
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ami  use  the  ring  formula.  This  corresponds  to  the 
elastic  areli  theory.  It  is  far  from  a  simple  proposition 
to  design  a  concrete  arch  by  the  elastic  theory,  and 
here  our  supports  arc  fixed.  With  the  concrete  boat 
nothing  is  fixed,  and  we  must  go  thru  a  long  process 


sufficiently  anchor  these  rods  to  produce  the  same 
effect  as  rigid  attachment  to  the  longitudinal  reinforc- 
ing? Probably  the  most  serious  condition  of  which 
account  must  be  taken  is  the  effect  of  alternate  tensile 
and  compressive  stresses  in  the  longitudinal  members. 
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to  determine  the  position  of  the  neutral  axis  in  different 
parts  of  the  frame,  under  the  various  conditions  of  ex- 
ternal force  which  must  be  taken  account  of. 

Around  the  frame  is  the  shell.  This  has  two  func- 
tions to  perform  besides  the  primary  one  of  keeping  out 
the  water.  First,  the  side  may  be  thought  of  somewhat 
as  a  floor  slab,  the  load  being  the  hydrostatic  pressure 
which  it  distributes  to  the  frames  or  transverse  mem- 
bers of  the  boat.  That  is  a  comparatively  simple  propo- 
sition, for  the  frames  can  readily  be  spaced  to  produce 
the  span  we  desire  for  this  slab.  In  addition  to  this, 
however,  the  shell  acts  in  the  same  way  as  the  web 
of  a  box-plate  girder. 

The  analogy  can  be  carried  further,  for  the  boat 
frames  can  be  considered  as  the  stiffencrs,  and  the 
deck  and  bottom  of  the  boat  can  be  thought  of  as  the 
flanges.  The  most  serious  consideration  in  designing 
the  shell  is  that  of  shear.  I  am  referring  to  the  shear  of 
the  deck,  which  means  the  difference  in  elevation  be- 
tween the  bow  and  the  deck  amidships.  The  shear  I 
am  now  referring  to  is  the  strength  shear  which  comes 
near  the  quarter  points.  In  this  connection  some  inter- 
esting problems  arise.  For  instance,  do  the  frames 
or  vertical  stiffeners  increase  the  shear  section,  and 
if  they  do,  how  much?  Does  the  bending  of  the  verti- 
cal reinforcing  of  the  shell  into  the  bottom  and  deck 


There  are  a  number  of  questions  to  be  answered,  and 
the  answering  of  which  requires  a  knowledge  of  con- 
crete of  the  highest  order. 

I  have  just  touched  upon  some  of  the  starting  points 
from  which  the  design  of  a  concrete  ship  must  be  de- 
veloped, and  the  further  the  design  proceeds  the  more 
interesting  the  problem. 

Let  us  now  consider  some  of  the  advantages  of  the 
concrete  ship,  and  such  consideration  must  be  gov- 
erned by  present  conditions,  altho  some  of  them  will 
hold  after  we  have  won  this  war. 

The  material  to  be  used  in  building  concrete  ships 
is  plentiful  and  widely  distributed.  It  is  not  used  for 
ships  now  being  constructed,  so  there  will  be  no  in- 
terference with  the  present  programs.  The  class  of 
labor  to  be  used  for  the  concrete  ship  is  different 
from  that  used  on  either  the  wooden  or  steel  ship,  and 
is  mostly  unskilled.  Above  all,  the  speed  with  which 
concrete  ships  can  be  built  is  of  the  utmost  importance. 

The  maintenance  cost  of  the  concrete  ship  will  be 
small,  altho  the  idea,  held  by  a  number  of  engineers, 
that  barnacles  will  not  adhere  to  concrete  is  wrong. 
This,  however,  can  probably  be  overcome,  and.  in  any 
event,  the  conditions  will  not  be  any  worse  than  on  a 
steel  ship. 

The  original  cost  of  a  concrete  ship  will  probably  be 
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considerably  less  than  steel  or  even  wood.  Of  course, 
the  resistance  of  concrete  to  fire  is  an  important  con- 
sideration. The  possibilities  of  securing  practically  any 
shape  of  bow  and  stern  desired  will  probably  turn  out 
to  be  a  great  advantage.  The  shape  of  the  steel  and 
wooden  ships  is  to  a  considerable  extent  governed  by 
the  characteristics  of  the  material  used.  With  concrete, 
however,  we  can  make  the  bow  and  stern  to  conform 
to  any  conditions.  Interesting  developments  along 
this  line  may  ultimately  be  looked  for.  The  steel  in 
the  concrete  ship  can  be  placed  where  it  will  be  most 
effective,  whereas  in  both  the  steel  and  wooden  ship 
the  efficiency  of  the  material  is  often  reduced  consid- 
erably by  the  necessity  of  making  joints. 

The  objections  frequently  raised  against  concrete 
for  ship  construction  are  that  the  weight  of  the  material 
is  too  great.  The  same  thing  was  said  about  steel  when 
the  use  of  that  material  was  first  advanced.  As  a  mat- 
ter of  fact,  the  weight  of  the  hull  of  a  concrete  ship 
probably  will  be  little,  if  any.  more  than  that  of  a 
wooden  ship  of  equal  dead  weight  carrying  capacity. 
The  disintegrating  effect  of  salt  water  on  the  concrete 
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is  advanced  as  a  reason  for  not  using  concrete  ships. 
This,  however,  can  readily  be  prevented  by  proper 
methods  of  protection.  The  possibility  of  corrosion  of 
the  steel  reinforcing  is  a  more  serious  consideration. 
The  investigations  of  marine  structures  which  Mr.  Wig 
and  I  have  been  working  on  for  some  time  past  have 
brought  to  light  the  fact  that  there  is  great  danger  of 
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cracking  occurring  in  reinforced  concrete  which  is  ex- 
posed to  moist  sea  air  in  cases  where  common  methods 
of  construction  are  followed.  This,  too,  can  be  over- 
come, however,  by  using  proper  precautions. 

The  concrete  boat  is  not  quite  as  new  a  development 
as  most  people  think.  The  first  reinforced  concrete 
vessel  was  in  the  form  of  a  small  row  boat  built  in  1849 
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by  a  Frenchman  named  Lambot,  and  the  boat  is  now 
in  service  at  68  years  of  age. 

A  floating  chalet  supported  by  a  reinforced  concrete 
pontoon,  measuring  67  feet  long  by  21  feet  wide,  was 
built  in  Rome  during  the  year  1897.  Another  interest- 
ing example  built  in  the  succeeding  year  was  a  schooner 
employed  for  some  years  in  the  North  Atlantic  coast- 
ing trade,  the  serviceability  of  this  form  of  construc- 
tion having  been  demonstrated  by  the  fact  that  the 
vessel  escaped  without  injury  after  having  been  driven 
on  the  rocks  near  Cape  Charles.  One  of  the  first  rein- 
forced concrete  barges  in  Europe  was  completed  early 
in  the  present  century  from  the  designs  of  M.  Henne- 
bigue,  of  Paris,  on  the  River  Lozere,  where  it  has  been 
in  continuous  service  for  dredging  purposes.  The  barge 
measures  50  feet  long  by  13  feet  wide  by  3  feet  4 
inches  deep,  and  it  is  recorded  that  the  initial  cost  was 
much  less  than  that  of  a  timber  or  steel  structure  of 
the  same  dimensions,  while  the  practical  absrncc  of 
maintenance  charges  has  added  very  considerably  to 
the  ultimate  economy  effected. 

Other  barges,  lighters,  and  pontoons  followed  in 
fairly  rapid  succession,  the  firm  of  Gabellini,  of  Rome, 
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having  been  particularly  enterprising  in  the  new  branch 
of  work.  By  the  end  of  1912  they  had  constructed  at 
least  20  vessels  of  the  lighter  class  and  over  60  pon- 
toons for  floating  bridges.  Included  in  the  former  cate- 
gory were  several  lighters  for  the  Italian  Government 
and  a  steam  collier,  these  and  all  other  vessels  of  the 
same  class  having  been  constructed  with  double  hulls 
and  water-tight  compartments. 

In  Germany  reinforced  concrete  vessels  of  the  motor 
launch  and  barge  types  have  been  constructed,  among 
the  latter  being  a  barge  130  feet  long  by  20  feet  beam, 
said  to  have  been  built  at  a  cost  25  per  cent,  less  than 
that  oi  a  steel  barge.  In  North  and  South  America 
a  goud  many  barges  and  pontoons  have  been  con- 
structed in  reinforced  concrete  during  the  last  ten  years. 
Typical  examples  are  furnished  by  a  barge  at  Ontario, 


81  feet  long  by  24  feet  beam  by  7  feet  deep ;  a  fleet  of 
lighters,  100  feet  long,  30  feet  beam,  built  at  San  Fran- 
cisco for  the  coasting  trade ;  several  lighters  and  pon- 
toons on  the  Panama  Canal;  and  some  scows  112  feet 
long  by  28  feet  beam  built  at  Fairfield. 

Recently  the  greatest  advance  in  concrete  ship  con- 
struction has  taken  place  in  Norway,  where  there  are 
at  present  several  firms  constructing  concrete  barges 
and  seagoing  vessels. 

What  the  final  outcome  of  this  development  of  the 
concrete  ship  is  going  to  be  is  an  interesting  ques- 
tion. Wars  always  cause  many  radical  changes  in  our 
modes  of  life  and  in  our  methods  of  overcoming  physi- 
cal obstacles.  Is  it  possible  that  one  of  the  permanent 
gains  the  war  is  to  leave  us  will  be  the  concrete  ship? 
We  shall  sec. 


5OO0- TON  REINFORCED  CONCRETE  VESSEL  UNDER  CONSTRUCTION  AT  REDWOOD  CITY,  CAL. 
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SPECIAL  MEETING 

At  the  Club  House,  Wednesday,  February  6,  1918,  8.15  P.  M. 

The  address  of  the  evening  will  be  made  by  Dr.  R.  S.  MacElwee,  Columbia 
University,  on  "Port  and  Terminal  Facilities." 

The  paper  will  be  illustrated  with  lantern  slides. 

Dr.  MacElwee  will  discuss  the  fundamental  principles  of  port  development,  balancing 
reservoirs  which  arc  required  at  various  points  for  the  movement  of  freight,  general  designs  of 
piers,  general  designs  of  freight-handling  facilities;  the  subject  of  waterside  delivery  by  lighter 
to  warehouse  and  industrial  plants;  the  possibilities  of  upland  development  in  port  areas, 
and  the  economic  advantage  to  be  gained  by  linking  loth  industries  and  commercial  warehouses 
with  full  flexibility  to  all  water  and  land  carriers. 


MEETING  FOR  JUNIOR  MEMBERS 

Tuesday,  February  12,  1918,  Meeting  at  the  Engineers'  Club 

The  following  paper  will  be  presented:  "Electricity  as  Applied  to  Traction."  By  Mr.  E.  M.  Bredin.  An  informal 
smoker  will  be  held  after  the  meeting. 


REGULAR  MEETING 

At  Witherspoon  Hall,  Friday,  February  15,  1918,  8.16  P.  M. 
This  will  be  a  Joint  Meeting  with  the  Columbia  University  Club 

The  address  of  the  evening  will  be  made  by  Prof.  Douglas  W.  Johnson,  Professor 
of  Physiography,  Columbia  University,  on 

"The  Influence  of  Topography  upon  the  Strategy  of  the  European  War." 

The  paper  will  be  illustrated  with  colored  lantern  slides. 

Members  of  Affiliated  Societies  are  cordially  invited  to  attend. 

Members  of  the  Club  and  Affiliated  Societies  are  privileged  to  invite  ladies. 

General  plans  of  campaign  and  detailed  movements  o(  armies  are  l»th  profoundly  affected 
by  the  topography  of  the  country  over  which  the  contending  forces  must  move.  Professor 
Johnson's  address  will  explain  the  topography  of  the  western  front  with  some  fullness,  and  show 
how  it  determined  the  plan  of  campaign  adopted  by  the  German  General  Staff.  The  influence  of 
terrain  upon  the  Battle  of  the  Marne  and  the  Battle  of  Verdun  will  be  more  briefly  noted.  In 
conclusion,  the  Italian  theatre  of  war  will  bo  descrilwd,  and  some  account  given  of  the  topographic 
features  opposing  an  Italian  advance  and  favoring  a  Teutonic  invasion. 
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^  CALENDAR  OF  REGULAR  MEETINGS 

|    THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

1918 


DAT  OF  MONTH  AND  WKK  NAME  OP  SOCIETY 

First  Monday  American  Society  of  Civil  Engineers 

April  1. 

Second  Monday  American  Institute  of  Electrical  Engineers 

February  11,  March  11,  April  8,  May  13,  June  10. 

Fourth  Monday  Philadelphia  Safety  Council 

February  25,  March  25,  April  22,  May  27,  June  24. 

Second  Tuesday  Engineers'  Club  (Junior  Meeting) 

February  12,  March  12,  April  9. 

Third  Tuesday  Engineers'  Club 

March  19,  April  16,  May  21,  June  18. 

Fourth  Tuesday  American  Society  of  Mechanical  Engineers 

February  26,  March  26.  April  23,  May  28.  June  25. 

First  Wednesday  Technology  Club 

February  6,  March  6,  April  3,  May  1,  June  5. 

First  Thursday  Worcester  Tech  Club 

February  7,  March  7,  April  4,  May  2,  June  6. 

Second  Thursday  American  Society  of  Heating  and  Ventilating  Engineers 

February  14,  March  14,  April  11,  May  9,  June  13. 

Fourth  Thursday  Society  of  Automotive  Engineers 

February  28,  March  28,  April  25,  May  23,  June  27. 

Third  Friday  Engineers'  Club  (February) 

February  15. 

Third  Friday  Illuminating  Engineering  Society 

February  15,  March  15,  April  19,  May  17,  June  21. 

Engineers'  Club  Meetings  at  Witherspoon  Hall  will  be  as  follows: 

Friday,  February  13,  Engineers'  Club  Meeting. 

Members  of  all  Affiliated  Societies  are  invited  to  these  meetings. 
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SCHEDULE  OF  MEETINGS 

THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

FEBRUARY,  1918 


Wednesda 

y,  February    6, 1918 

Special  Meeting  Engineers'  Club 
Address:  "  Port  and  Terminal  Facilities  " 
Dr.  R.  S.  MacElwee 

Engineers'  Club 

8.15  p.m. 

Wednesday,  February   6, 1918 

Technology  Club  of  Philadelphia 

Informal  dinner  at  0.30  p.m.,  preceding  meeting 

Engineers'  Club 

8.15  p.m. 

Thursday, 

February   7,  1918 

Worcester  Tech  Club 
Address:  "Compression  Rheostats" 
Arthur  H.  Allen 

Engineers'  Club 

8.15  p.m. 

Monday, 

February  11, 1918 

American  Institute  of  Electrical  Engineers 

Engineers'  Club 

8.15  p.m. 

Tuesday, 

February  12,  1918 

Junior  Meeting 

Subject:  "  Electricity  as  Applied  to  Traction  " 

E.  M.  Bredin 
An  informal  smoker  will  be  held  after  the  meeting 

Engineers'  Club 

O.lO  P.M. 

Thursday, 

February  14,  1918 

American  Society  ot  Heating  and  ventilating 
Engineers 

Continued  Subject:  "  Modem  Heating  and  Venti- 
lating Appliances  for  School  Buildings  " 

Chas.  V.  Haynes 

» 

Engineers'  Club 

S.lo  P.M. 

rnoay, 

February  Id,  1^18 

Regular  Meeting  Engineers'  Club 
Address:  "The  Influence  of  Topographv  upon 
the  Strategy  of  the  European  War" 
Prof.  Douglas  W.  Johnson 

Witherspoon  Hall 

8.15  p.m. 

FHriav 

Illuminating  Engineering  Society 

Engineers'  Club 

8.00  P.M. 

Monday, 

February  26, 1918 

Philadelphia  Safety  Council 

Engineers'  Club 

8.15  p.m. 

Tuesday, 

February  26, 1918 

American  Society  of  Mechanical  Engineers 
Addtess:  "  The  Income  Tax  " 
Carl  Barth 

Engineers'  Club 

8.15  p.m. 

Thursday, 

February  28,  1918 

Society  of  Automotive  Engineers 

Engineers'  Club 

8.15  p.m. 

Wednesdaj 

r,  March      6, 1918 

Technology  Club 

Engineers'  Club 

8.15  p.m. 

Thursday, 

March      7,  1918 

Worcester  Tech  Club 

Engineers'  Club 

8.15  p.m. 

Monday, 

March     11, 1918 

American  Institute  of  Electrical  Engineers 

Engineers'  Club 

8.15  p.m. 

Tuesday, 

March     12, 1918 

Junior  Meeting 

Engineers'  Club 

8.15  p.m. 

Thursday, 

March    14, 1918 

American  Society  of  Heating  and  Ventilating 

Engineers'  Club 

8.15  P.M. 

Engineers 
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SECRETARY'S  NOTICES 


REGULAR  MEETING  OF  TI1E  BOARD 
OF  DIRECTORS 

JANUARY  I,  UU 

The  meeting  was  called  to  order  at  7.15  l'.vc,  with 
President  Vogleson,  Directors  Fcrnald,  Henderson,  J. 
C.  Wagner,  Kcnncy.  S.  T.  Wagner,  Forstall.  Bullens, 
R.  M.  Barr,  Past  President  Swaab.  Treasurer  Stevens, 
and  Secretary  Stockly  in  attendance.  Vice-Presidents 
Yarnall  and  Andrews,  Directors  Hayward,  Moody, 
Ehlc,  G.  W.  Rarr,  and  Past  President  Ledoux  were  ex- 
cused. Vice-President  Eglin  and  Past  President  Car- 
ter were  absent. 

The  minutes  of  the  Regular  Meeting  of  the  Board 
held  December  11,  1917,  were  approved. 

REPORT  OP  THE  PRESIDENT 

In  accordance  with  authority  granted  by  the  Board 
at  its  December  11  meeting,  the  following  have  been 
appointed  to  constitute  the  special  committee  on  Con- 
servation of  Fuel : 

George  R.  Henderson,  Chairman 

S.  I„  Knrass 

H.  F.  Sauville 

K.  H.  Fcrnald 

II.  L.  Moody 

F.mmett  R.  Carter 

A.  C.  Wood 

In  response  to  an  invitation  received  from  the  Na- 
tional Security  League  to  appoint  three  delegates  to 
the  Congress  of  National  Service  to  be  held  in  Chicago. 
February  21  to  23,  1918,  President  Vogleson  was  au- 
thorized to  appoint  delegates. 

REPORT  OF  THE  SECRETARY 

A  communication  having  been  received  from  the 
Secretary  of  the  Engineering  Association  of  New  South 
Wales,  stating  that  the  Council  of  the  Association  ex- 
tends the  privileges  of  full  membership  to  any  mem- 
bers of  our  Club  who  may  at  any  time  be  visiting  Syd- 
ney, the  Board  extended  similar  courtesies  to  this 
Association. 

The  Philadelphia  Safety  Council  has  advised  that 
representatives  on  the  Board  and  committees  will  be 
appointed,  in  accordance  with  the  provisions  of  our 
By-Laws,  at  its  meeting  on  January  15. 

In  accordance  with  the  By-Laws,  Article  IV,  Sec- 
tion 7,  Mr.  H.  P.  Gant  was  unanimously  elected  to 


rill  the  vacancy  in  the  Directors-at-large  caused  by 
the  election  of  the  Philadelphia  Safety  Council  to 
affiliation,  for  the  balance  of  the  present  fiscal  year, 
term  to  expire  July,  1918. 

REPORT  OF  THE  TREASURER 

The  report  of  the  Treasurer,  as  submitted  to  the 
members  of  the  Board,  was  accepted. 

REPORT  OF  THE  COMMITTEE  OH  HOUSE 

The  Committee  reported  that  arrangements  were 
being  made  for  a  housewarming  to  be  held  in  the  Club 
House  on  either  February  12  or  February  22,  depending 
on  the  progress  made  this  month  on  the  new  building 
work. 

The  C  ommittee  also  plans  to  send  out  notices  to  all 
members,  urging  them  to  attend  a  special  dinner  which 
will  be  given  coincident  with  the  opening  of  the  new 
dining-room  and  kitchen  extensions,  the  dinner  to  be 
held  from  7  to  9  p.m.  Only  members  and  their  guests 
may  attend  the  dinner,  as  adequate  accommodations 
are  not  yet  available  for  entertaining  ladies. 

REPORT  OF  THE  COMMITTEE  OR  MEMBERSHIP 

On  recommendation  of  the  Committee,  the  follow- 
ing were  elected : 


To  Active  Membership: 
Carl  C  Bailey 
Stewart  A.  Jellett 
Harry  T.  Jones 
Carl  Lester  Kimliell 
Manly  J.  Miller 


Rohcrt  C.  Morgan 
James  A.  Nelson 
Rol*rt  C.  Kahm 
Felix  J.  Wasilkowski 


To  Junior  Membership: 


Robert  Cleelancl 
AtiKust  H.  Heine 
Ellis  George  JoNei>h 
C.  Russell  I^avcrty 


Hartnan  M.  Molony 
Roht.  L.  Satterwhite,  Jr. 
Georjfe  G.  L'rqiiliart 
Raymond  W.  Wilkinson 


REPORT  OF  THE  COMMITTEE  OH  PUBLICATION 

The  Committee  presented  a  report,  showing  an  un- 
expended balance  in  its  appropriation  of  $230.11,  after 
deducting  $500  which  was  transferred  to  the  Commit- 
tee on  House. 

REPORT  OF  THE  COMMITTEE  OH  PAPERS 

The  Committee  reported  that  final  arrangements 
were  completed  for  the  next  three  Club  meetings,  on 
January  16, 29,  and  February  6,  and  announcement  had 
been  made  in  the  Club  Journal. 
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SECRETARY'S  NOTICES 


REPORTS  OF  SPECIAL  COMMITTEES 
BBfldiai  CCRMBlttc* 

It  was  reported  that,  due  to  weather  conditions,  the 
work  of  alterations  had  been  retarded  during  Decem- 
ber; but,  during  the  present  month,  excellent  progress 
had  been  made.  From  present  indications,  the  new 
dining-rooms  and  kitchen  should  be  ready  for  use  by 
Lincoln's  Birthday  {February  12). 

C*nj»ltt«i  «a  CiwrntitB  «f  Fu«! 

The  Committee  reported  they  had  held  a  meeting, 
and,  in  order  to  avoid  a  duplication  of  effort,  informa- 
tion was  being  solicited  on  the  subject  under  consid- 
eration. 

The  meeting  adjourned  at  8.45  i*.m. 

ABSTRACT  OF  MINUTES  OF  THE  BUSINESS 
MEETING  OF  THE  CLUB 

HELD  WEDNESDAY  EVEMIHC,  JANUARY  It,  WIS 

The  meeting  was  called  to  order  at  Witherspoon 
Hall  by  Vice-President  Eglin  at  8.15  p.m.  About  1200 
members  and  guests  were  in  attendance. 

The  minutes  of  the  meetings  of  December  10  and 
December  19,  1917,  as  printed  in  the  Joi  kn  u.,  were 
approved. 


AHHOUNCEMEHTS 

The  Board  of  Directors  elected,  at  its  last  meeting, 
the  following  to  membership:  Active,  nine;  Junior, 
eight. 

The  report  of  the  Tellers  on  the  amendment  to  the 
Bv-Laws  is  as  follows: 

Mr.  president  and  Members  of 

The  Engineers'  Club  of  Philadelphia. 
Gentlemen  : 

Your  Tellers  have  counter!  the  votes  cast  on  the  amendment 
t«i  Article  VII,  Section  9,  of  the  By-laws  (providing  for  Life 
Membership),  and  declare  that  228  legal  ballots  were  cast,  as 
follows : 

For  Against 
205  23 
Respectfully  submitted, 

(Signed)  George  E  Crofoot 
John  P.  Mmdo 
Crarlks  F.  Puff,  Jr. 
John  S.  Elv. 

The  amendment  was  therefore  declared  adopted. 

The  address  of  the  evening,  "  Alaska  from  an  Engi- 
neer's Viewpoint,"  was  delivered  by  Mr.  Howard  W. 
DuBois,  member,  and  was  profusely  illustrated  with 
colored  lantern  slides  and  motion  pictures. 

A  unanimous  vote  of  thanks  was  extended  to  the 
speaker. 

The  meeting  adjourned  at  10.10  p.m. 


POSITIONS  WANTED 

Engineer,  with  over  ten  years'  experience  in  conveying  ma- 
chinery (detail,  design,  and  estimating  l,  will  consider  change. 
Eastern  location  preferred.   Apply  Engineers'  Club,  No.  1*3. 

Carnegie  Institute  Technical  graduate,  age  24  years,  experi- 
enced in  machine  construction  and  foundry  work,  also  some  open- 
hearth  experience,  desires  to  locate  with  some  steel  foundry  in  or 
near  Philadelphia.    Apply  Engineers'  Club,  No.  185. 

Civil  engineer — at  present  employed  in  work  on  estimates 
and  contracts  on  highway  construction— desires  work  in  charge  of 
construction,  drafting,  and  highway  work.  Salary  inside  city, 
$125  per  month  or  over;  outside  city.  $150  per  month  or  over. 
Apply  Engineers'  Club,  No.  186. 

Chief  engineer  or  master  mechanic  with  thoro  technical  and 
practical  experience  covering  construction,  operation,  and  upkeep 
of  steel  plants.  Specialty  metallurgical  work,  heating  and  melt- 
ing furnaces,  etc.    Apply  Engineers'  Club.  No.  187. 

Safety  engineer,  with  six  years'  thoro  technical  and  practical 
experience  in  this  capacity  with  large  steel  works.  Apply  Engi- 
neers' Club,  No.  188. 

Mechanical  engineer,  38  years  old.  with  x>  years'  experience, 
possessing  tact  and  initiative,  with  ability  to  plan  and  organize, 
desires  position  as  chief  engineer  or  assistant  to  same.  Capa- 


ble designer,  familiar  with  present  shop  methods.  Not  afraid  of 
responsibility.  Philadelphia  preferred.  Apply  Engineers'  Club. 
No.  190. 

POSITIONS  OPEN 

Designers— mechanical  and  civil,  and  construction  engineers 
wanted.   Apply  Engineers'  Club,  No.  184-A. 

FOR  SALE 

Transit  (Sterling)  manufactured  by  Warren-Knight  Com- 
pany, first-class  condition;  also  tripod  and  level  rod.  Apply  En- 
gineers' Club,  No.  3-b. 

FOR  RENT 

Engineer  absent  from  office  most  of  the  year  wants  to  subrent 
one  room  or  desk  room  of  office  suite  in  large  office  building— 
centrally  located.  Party  can  have  use  of  the  entire  office  for  the 
period  engineer  is  absent.  Employs  stenographer.  A  very  attrac- 
tive arrangement  will  be  made  with  a  responsible  party.  Apply 
Engineers'  Club,  No.  5-C. 

L>esk  room  for  rent,  302  Westerly  Kuilding,  1627  Sansom 
Street,  $5  per  month.  Use  of  telephone  at  six  cents  a  call,  and 
use  of  drawing  table.   Apply  Engineers'  Club.  No.  6  c. 
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COMMITTEE  ON  MEMBERSHIP 

D.  ROBERT  YARNALL,  Chairman 


CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  February  11a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed.  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club,  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

FRANK  C.  ANDERSON 

1017  Real  Estate  Trust  Building 
District  Manager.  Asbestos  Protected  Metal  Company. 
Proposed  by  J.  Reese  Bailey,  Robert  R.  John,  and  H.  F.  Sanvillc. 

EDWARDS   R.  FISH 

Care  of  Heine  Safety  Boiler  Company,  Phortiixville,  Pa. 
Vice-President  and  Secretary,  Heine  Safety  Boiler  Company. 
Proposed  by  H.  M.  Lyman  and  R.  H.  Fernald. 

LLOYD  WIBCAND  FITZGERALD 

16  West  Hinckley  Avenue.  Ridley  Park,  Pa. 
Special  Apprentice,  Baldwin  Locomotive  Works. 
Proposed  by  Richard  C.  Xewbold.  Walter  C.  Carson,  and  Cole- 
man Sellers,  Jr. 

SAMUEL  FRANK 

1726  North  Ninth  Street,  Philadelphia,  Pa. 
Member  of  firm  of  Steward  &  Stevens  Iron  Works. 
Proposed  by  W.  X.  Mayhcw  and  Alan  Corson. 

ROBERT  LACY 

Hotel  Windermere,  Philadelphia,  Pa. 
Chief  Engineer,  D.  L.  Taylor  &  Co.,  Inc. 
Proposed  by  Henry  DcHuff  and  C  F,  Iszard. 

ERNEST  COLWBLL  LEBTE 

5534  Larchwood  Avenue,  Philadelphia,  Pa. 
Field  Engineer  on  subway  construction  for  Keystone  State  Con- 
struction Company. 
Proposed  by  W.  P.  Parker  and  H.  P.  Gant. 

CHESTER  R.  MISNER 

117  Mulbcry  Street,  Bristol,  Pa. 
Mechanical  Inspector.  Merchants  Shipbuilding  Corporation. 
Proposed  by  Thomas  11.  Henkels  and  T.  B.  Preston. 

LEIF  E.  NORBOM 

2.57  Fast  Johnson  Street,  Germantown,  Philadelphia.  Pa. 
General  Manager,  Delaware  River  Dredging  Co. 
Proposed  by  George  F.  Pawling  and  James  L.  Fawley. 


WILLIAM  J.  L.  ROOP 

Harwood  Avenue,  Kirklyn.  Pa..  Llancrch  P.  O. 
General  Superintendent,  Delaware  River  Dredging  Co. 
Proposed  by  George  F.  Pawling  and  James  1-  Fawlcy. 

JOHN  S.  ROWAN 

308  North  Holliday  Street.  Baltimore,  Md. 
President.  The  Rowan  Controller  Company. 
Proposed  by  D.  M.  Petty  and  B.  T.  Hare. 

WALTER  J.  SCHOPP 

14G  Lauriston  Street,  Philadelphia.  Pa. 
Mechanical  Draftsman  with  Stewart  A.  Jellett  Company. 
Proposed  by  Stewart  A.  Jellett  and  Percival  M.  Sax. 

FOR  ELECTION  TO  JUNIOR  MEMBERSHIP 

NORMAN  CHARLES  BYE 

7027  Torresdale  Avenue,  Tacony,  Pa. 
Cadet  Engineer,  Henry  Disston  &  Sons. 
Proposed  by  W.  M.  Boehm  and  Lewis  H.  Kenney. 

STEWART  CHARLES  BARNETT 

2515  North  Thirty-first  Street,  Philadelphia,  Pa. 
-Structural  Draftsman,  American  Bridge  Company. 
Proposed  by  \V.  M.  Boehm  and  Lewis  H.  Kenney. 

D.  CLARK  CLEAVER 

1416  Land  Title  Building.  Philadelphia,  Pa. 
Estimating  and  Sales  Engineer,  F.  J.  Wilson  Company. 
Proposed  by  F.  J.  Wilson,  George  W.  Baker,  and  H.  X.  Payne. 

DANIEL  P.  OODEN 

1421  Arch  Street,  Philadelphia,  Pa. 
Assistant  Engineer,  Naval  Aircraft  Factory,  Philadelphia,  Pa. 
Proposed  by  Lewis  H.  Kenney  and  Charles  F.  Phillips. 

SAMUEL  ISAIAH  SACKS 

3219  Fontaine  Street.  Philadelphia,  Pa. 
Draftsman.  Department  of  City  Transit. 

Proposed  by  Wm.  S.  Twining,  Henry  H.  (Juimby,  and  Fred  C. 
Dunlap. 

L.  CHEYNEY  SMITH 

Sunnyliill.  Media,  Pa. 
Assistant  Educational  Director,  Y.  M.  C.  A. 
Proposed  by  William  Easby,  Jr.,  and  W.  P.  Dallett. 


1U0 
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I  m  JUNIOR  SECTION 

I  2   Dr.  W.  M.  Bokhm,  Chairman  Ex  Officio  H.  I.  Goldsteim,  Chairman  A.  B.  Buiiop,  Secretary 

imiwiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiaiNiiiiiiiiiiiiiiiiiiiiiiiiiiiiBiiiiiiiiiiiiiiiiiii^ 


THE  Junior  Section  held  its  second  annual  dinner 
on  Tuesday  evening,  January  8.  in  the  Club 
Library.  Mr.  W.  W.  Pickles,  chairman  of  the 
Entertainment  Committee,  presided.  About  thirty-five 
members  and  guests  were  present.  Mr.  Joseph  A. 
Steinmetz,  president  of  the  Aero  Club,  and  Mr.  J.  A. 
Yogleson,  our  own  president,  were  guests  of  honor. 

Mr.  Steinmetz's  remarks  following  the  dinner  were 
replete  with  interesting  personal  experiences  and  strik- 
ing facts.  In  summing  up  the  obligations  of  our  tech- 
nical young  men  in  time  of  war,  he  emphasized  the  cry- 
ing need  for  skilled  workers  in  aircraft  manufacturing ; 
also  for  technical  men  for  deck  and  engine-room  offi- 
cers of  our  growing  merchant  marine.  He  showed 
the  great  opportunities  for  service  to  our  nation,  accru- 
ing at  the  same  time  to  our  own  advancement  as  future 
engineers  in  every  field  of  technical  endeavor.  Fur- 
ther, he  dwelt  upon  the  desirability  of  establishing  a 
collection  of  arms,  munitions,  and  all  kinds  of  devices 
pertaining  to  the  war,  as  a  museum  for  our  Club,  and 
especially  asked  the  Juniors'  help  in  making  this  plan 
a  reality.  Such  a  museum  would  have  great  historical, 
sentimental,  and  educational  value  for  future  genera- 
tions of  engineers. 

An  interesting  feature  of  the  evening  was  the  read- 
ing of  letters  acknowledging  our  Christmas  gifts  to 
those  in  the  service  of  our  country.  Messrs.  E.  W. 
Barker,  T.  H.  Doyle,  J.  M.  Spillan,  W.  D.  Faust,  E.  A. 
Millar,  and  W.  P.  Honwen  answered.  Undoubtedly, 
the  Christmas  tokens  had  brought  the  desired  cheer  to 
our  comrades.  The  letters  will  be  filed  with  the  Secre- 
tary of  the  Section,  who  will  keep  a  war  record,  in  ac- 
cordance with  a  resolution  adopted  by  the  meeting. 

President  Vogleson,  for  the  Senior  body,  gave  ut- 
terance to  the  Club's  appreciation  of  the  Juniors'  virile 
and  successful  activities.  Other  short  addresses  were 
made  by  Doctor  Boehm  and  Messrs.  Goldstein  and 
de  Macedo. 

Much  to  the  regret  of  all,  Mr.  Pickles  was  compelled 


to  resign  the  chairmanship  of  the  Entertainment  Com- 
mittee, owing  to  the  fact  of  his  entering  the  sanitation 
service  of  the  Government.  A  rising  vote  of  thanks 
was  tendered  him  for  his  valuable  services  to  the  Sec- 
lion.  Mr.  E.  M.  Rredin  has  been  appointed  his  suc- 
cessor, and  will  also  take  Mr.  Pickles's  place  on  the 
Executive  Committee. 

At  the  February  meeting,  on  the  12th,  the  following 
paper  will  be  read  by  Mr.  E.  M.  Bredin:  "  Electricity 
as  Applied  to  Traction."  An  informal  smoker  will 
follow.  All  Juniors  and  their  friends  are  cordially 
invited. 

Extracts  from  Letters  from  Members  in  the  Service 

A  member  from  Camp  Hancock  writes: 

"  Your  box  of  smokes  arrived  before  Christmas,  and 
I  want  to  thank  you  for  them  and  tell  you  how  much 
it  was  appreciated.  It  is  lonesome  in  camp  on  a  holiday, 
but  the  fact  your  friends  at  home  have  thought  of  you 
helps  a  lot." 

Another  from  Camp  Hancock: 

"  We  did  not  receive  all  the  boxes  until  the  day  be- 
fore New  Year's,  so  they  were  given  to  the  boys  on 
New  Year's  Day.  Will  you  thank  all  the  members  of 
the  Engineers'  Club  for  the  very  generous  packages 
which  they  sent-" 

A  Junior  from  the  same  camp  writes: 

"  I  want  to  thank  the  Junior  Section  for  the  kind 
thought  and  recollection  prompting  the  sending  of 
the  '  smokes '  to  brighten  this  Christmas,  spent  far 
away  from  friends  and  associates,  and  in  the  face  of 
so  many  difficulties." 

Another : 

"  I  appreciate  the  greetings  and  the  '  smokes  '  sent 
by  the  Junior  members.  They  gave  much  enjoyment 
and  pleasure,  and  it  makes  one  feel  mighty  good  to 
know  that  he  has  friends  back  home  who  arc  right 
behind  him  in  everything  he  does  to  help  bring  vic- 
tory to  our  cause." 
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GUILLIAEM  AERTSEN,  Chairman 


MEMBERS  OF  ENGINEERS'  CLUB  WHO  HAVE  BEEN  CALLED  INTO  SERVICE 
IN  THE  ARMY  OR  NAVY  OF  THE  UNITED  STATES  AS  OF  JANUARY  20.  1918 

NAME  RANK  CORPS  LOCATION 

Aldricii,  J.  T  1st  Lieutenant  Ordnance  Officers"  Reserve  Corps  Washington,  D.  C. 

Allen,  J.  G  Co.  12  Infantry,  Reserve  Officers'  Training  Camp  Fort  Oglethorpe,  Chattanooga  Tenn. 

Anders,  D.  W  Captain   Company  D,  502nd  Engineers  Overseas  Service 


rum                 m.                               p_            v      t  c  /ComrmlR.  <  'fficcr,  Raritan  River  Ordnance 

'  JHM  Ma)°r  fcnginccrs.  jvij.  L-.s.  Depot,  Mctuchen,  N.J. 

Asflundth,  E.  T  Captain   103rd  Engineers   Camp  Hancock,  Augusta,  Ga. 

Attsrbcry,  W.  W.  Brigadier-General   Director-General  of  Railways      France 

Barker,  E.  \V.,  Jr  Truck  4-304  Ammunition  Train  Camp  Meade,  Admiral,  Md. 

Bassett,  F.  H„  Jr     -.Officers'  Training  School  Camp  Mcadc.  Md. 

Bear,  H.  K   Private  -  ..Gas  Defense  Service   Washington,  D.  C. 

Bbll,  Frank  F  1st  Lieutenant  Signal  Corps.  Aviation  Section  Gerstner  Field,  Lake  Charles.  Loiiisiar-i 

Bbtus.  A.  J  111th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Bibstbr,  W.  II.,  Jr  Corporal  .. .  103rd  Engineers  Camp  Hancock.  Augusta,  Ga. 

Boca,  H.  C  Colonel  . .  In  Charge  of  Construction  of  Railroads.  Wharves,  etc  France 

Borresks,  W.  Y.  315th  Infantry  Camp  Mcadc.  Admiral.  Md. 

Boyd,  F.  F  1st  Lieutenant  U.  S.  Naval  Reserve  Senior  Engineer  Officer    U.  S.  S.  "Jupiter" 

Boyd,  G  l3t  Sergeant   Overseas  Repair  Section  No.  1    Gas  Defense  Service,  Medical  Corps 

Bradford,  J.  S   Captain    103rd  Engineers  Camp  Hancock.  Augusta,  Ga. 

Bransome.  E.  D   Mass.  Inst.  Technology  Aviation  Camp    Boston,  Mass. 

Bream,  C.  C  Corporal  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Brben,  J.  W  Captain   Engineer  Officers'  Reserve  Corps   American  Expeditionary  Forces, France 

Brewer,  P.  C  Jr  Lieutenant   307th  Enginocrs  Camp  Wheeler.  Macon,  Ga. 

Brintox,  J.  W.   Lieutenant   Quartermaster  Officers'  Reserve  ...Depot  Quartermaster,  Baltimore.  Md. 

Broadhbad,  Alex.     19th  Reserve  Engineers  American  Expeditionary  Forces,  Prance 

Broderjck,  D.  F  Major  Ordnance  Officers'  Reserve  Corps   Rock  Island  Arsenal,  Rockland,  111. 

Brown,  P.  D    19th  Reserve  Engineers   American  Expeditionary  Forces.  France 

Brown.  R.  V  Lieutenant  Q.  M.  C  304  Divisional  Trains    Camp  Meade,  Admiral,  Md. 

Brown,  W.  F  Lieutenant   Engineer  Officers'  Reserve  Corps   Camp  Lee.  Petersburg,  Va. 

Brown,  W.  L  Lieutenant   Winchester  Repeating  Arms  Co  New  Haven,  Conn. 

Bryant,  C  M    Naval  Coast  Defense    Philadelphia  Navy  Yard 

Butler,  E.  N  1st  Lieutenant  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Caccavajo.  Jos  Major  . . .   Engineer  Officers'  Reserve  Corps    France 

Cahill.  E.  H  Carriage  Division,  F.  A .  Section    Washington,  D.  C. 

CaRSBY.R.  E.    {  ^  N\  fRcti'rcd)  }  Pearl  Harbor  Naval  Station    Hawaii 

Chance,  T.  M  Captain  Ordnance  Officers'  Reserve  Corps  ._  Washington,  D.  C 

Childs,  H.  P.   7th  Infantry,  Reserve  Officers'  Training  Camp  Ft.  Myer.  Va. 

Colgan,  R.  J.  Captain  American  Expeditionary  Forces   Care  of  Adjutant-Gen'l,  Washington,  D.  C 

Cra  linos,  G.  S  ..Major   Director  of  Field  Hospitals,  28th  Div   Camp  Hancock,  Augusta,  Ga. 

Crowther,  E.  C   Corporal   Jefferson  Hospital  Unit    

Cumikgs,  C.  A  Captain  Quartermaster  Officers'  Reserve    Ft.  Sam  Houston,  Texas 

Custhr,  E.  A  Major   Ordnance  Officers'  Reserve  Corps...   Albemarle  Bldg.,  New  York 

Cutler,  James  B  -  Reserve  Officers' Training  Camp    Port  Oglethorpe,  Chattanooga,  Term. 

Derby,  C.  F    Captain   . .  Ordnance  Officers'  Reserve  Corps  Camp  Lee,  Petersburg,  Va. 

Dill,  CM  Company  K,  319th  Infantry  Camp  Lee,  Petersburg,  Va. 

Donnelly,  J.  B.  1st  Lieutenant   103rd  Engineers   Camp  Hancock.  Augusta,  Ga. 

Doyle.  T.  H.  2nd  Lieutenant  Quartermaster  Officers'  Reserve  Camp  Meade,  Md. 

Dunn.  M.  L  Ensign   Reserve  Officers'  Quarters  U.  S.  Naval  Academy,  Annapolis,  Md. 

Dyson,  C.  W  Rear  Admiral  Bureau  of  Steam  Engineering,  U.  S.  N  Washington,  D.  C. 

Eckhardt,  J.  .Corporal   10th  Regiment,  3rd  Training  Battalion  Camp  Meade,  Md. 

Elcock.  Chas.  1st  Lieutenant  103rd  Engineers   Camp  Hancock,  Augusta,  Ga. 

Farr,  Roy  S  2nd  Lieutenant  301st  Engineers'  Train  Camp  Dcvcns,  Aycr,  Mass- 

Paust,  W.  D  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Pbnton,  Powell  Aviation  Corps  _    France 

Pulweilbr,  J.  E  Lieutenant  Naval  Coast  Defense   Philadelphia  Navy  Yard 
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Gaili.no,  H.  W.,  Jr  Private  Marine  Corps  (Aviation)   Philadelphia  Navy  Yard 

Gardinsr,  P.  M  Lieutenant  U.  S.  Naval  Reserve  Corps  Naval  Training  Base.  Cape  May,  N.  J. 

G  a  worth,  Ezra   2nd  Lieutenant  .  23rd  Regiment,  Highway  Engineers    Laurel,  Md. 

Gaum.  Carl  G  1st  Lieutenant   23rd  Regiment.  Highway  Engineers  ..    Washington,  D.  C. 

Gauthisr,  Jordan  2nd  Lieutenant..  56th  Engineers   Washington,  D.  C- 

Gest,  J.  B.,  2.VD  2nd  Lieutenant   Engineer  Officers'  Reserve  Corps  American  University.  Washington,  D.  C. 

G*tz,  Ralph  P  19th  Reserve  Engineers  American  Expeditionary  Forces,  France 

Gill  ax,  W.  H.,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Gilpin,  F.  H  Inspector  of  Ordnance . . .  Research  Laboratory,  Picatinny  Arsenal  Dover.  N.  J. 

Gracby.  A.  L  Private  Ordnance  Officers'  Reserve  Watervliet  Arsenal 

Gravell.  W.  H  Captain   Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces,  Prance 

Gribbel,  W.  O.  _.  Captain  30th  Engineers   Overseas  Service 

Griffin,  R.  S  Rear  Admiral  .  Eng.  in  Chief,  IT.  S.  N.  Bur.  of  Steam  Engineering  Washington,  D.  C. 

Grossman,  P.  R  Private  447th  Depot  Detachment  Engineers  Camp  Dcvcns.  Aycr,  Mass. 

G  Willi  am,  Mark  R.  M  1st  Lieutenant  21st  U.  S.  Infantry  San  Diego,  California 

Hall,  W.  A  Lieutenant   Naval  Coast  Defense  Philadelphia  Navy  Yard 

HAMILTON,  H.  A  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  

Harding,  R.  L  1st  Lieutenant  105th  Engineers   .Camp  Sevier,  Greenville,  S.  C. 

Harrower,  R.  A  American  Red  Cross  Ambulance  Corps  France 

Hathaway,  H.  K  Captain  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Havdock,  Roger  1st  Lieutenant  Engineer  Officers'  Rescrve'Corps.  Washington  Barracks,  D.  C. 

Heger.  J  Lieutenant  Engineers'  Depot  Washington,  D.  C. 

Henry,  J.  C  ...Headquarters  Dcp't  19th  Reserve  Engineers  American  Expeditionary  Porccs,  France 

Hbtheris'gton.  S.  C  Lieutenant  315th  Infantry-  Camp  Meade,  Admiral,  Md. 

Hie  key,  Y  Second  Lieutenant  Infantry  Charlotte,  Ga. 

Hollenback,  E.  E  Major    109th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Hollister.  C.J  1st  Lieutenant  Dental  Corps,  28th  Division  Camp  Hancock.  Augusta,  Ga. 

Hocwen,  W.  P  Section  Headquarters.  United  States  Navy  Lewes,  Delaware 

Hclmb.  Norman  .1st  Lieutenant   458th  Truck  Co  Fort  Myer.  Va. 

Jones.  Jonathan  Captain  23rd  Regiment  Engineers  Camp  Meade,  Md. 

Kennedy,  J.  H   Aviation  Section ,  Signal  Corps  American  Expeditionary  Forces,  France 

Kbrn.  F.  X  Lieutenant  23rd  Regiment  Engineers  Camp  Meade.  Md. 

Kxeass,  E  Ensign  U.  S.  Naval  Academy  Annapolis.  Md. 

Knight,  C.  C,  Jr  Lieutenant  81st  Di  vision,  Field  Artillery  — .  Camp  Jackson,  S.  C. 

Koelle,  W.  F.  B.  Sergeant   Signal  Corps   Washington,  D.  C. 

Krals,  P.  T  Sergeant  {  °>-  "Dc'."  ««t  Telephone  Battalion  1  American  Expeditionary  Forces,  France 

l         signal  Reserve  Corps  I 

Lawrence,  G.  E  Lieutenant  J.  G  Naval  Coast  Defense  Philadelphia  Navy  Yard 

Lawson,  T.  W  1st  Lieutenant  109th  Infantry   Camp  Hancock.  Augusta,  Ga. 

Lea.  E.  S  Major   Artillery  Ammunition  Division  Frankford  Arsenal 

Levin,  J  2nd  Officers' Training  Camp  Fortress  Monroe.  Va. 

Lynch.  N.  L     Engineer  Officers'  Reserve  Corps  . .  Washington  Barracks.  Washington.  D.  C. 

MacGarrigle.  G.  L  Private  Company  "  B,"  103rd  Engineers   Camp  Hancock.  Augusta,  Ga. 

Magee,  J.  W   2nd  Lieutenant  504th  Engineers'  Corps.  Washington  Barracks,  D.  C. 

Maltby.  F.  B  .  Major    .Engineer  Officers'  Reserve  Corps  Army  Building.  New  York 

Martin,  T.  S.,  3rd   1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Matburry,  W.  G.,  Jr  Lieutenant  334th  Field  Artillery,  National  Army  Camp  Pike.  Ark. 

McCausland,  J.  R  Master  Engineer  446th  Engineers,  Depot  Detachment  Camp  Devcns.  Aycr,  Mass. 

McClixtock,  J.  L  U.  S.  Navy  Radio  Service  Parkway  Bldg.  pro  Urn. 

McCord,  J.  B  Lieutenant-Colonel  Ordnance  Officers'  Reserve  War  Department,  Washington,  D.  C. 

McCoy,  J.  F   Aviation  Section,  Signal  Corps  Princeton,  N.  J. 

McGarriglb,  J.  J  2nd  Officers'  Training  Camp  Fortress  Monroe.  Va. 

McMillan,  H.  L  Major  Engineer  Officers'  Reserve  Corps  Camp  Dix.  Wrightstown,  N.J. 

Millar,  E.  A.,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Camp  Hancock.  Augusta,  Ga. 

Moody,  Wm.  M  Reserve  Officers'  Training  Gimp  Fort  Oglethorpe,  Chattanooga,  Tenn. 

Moon,  T.  E  Private   Ordnance  Department  Augusta  Arsenal,  Augusta,  Ga. 

Moran,  J.  B   1st  Lieutenant   Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Myers.  W.  C  Captain  Ordnance  Officers'  Reserve  Washington,  D.  C. 

Myers,  W.  T   2nd  Lieutenant  16th  U.  S.  Cavalry  -  Mercedes,  Texas 

Nbwlin,  E.  M  Captain   312  Machine  Gun  Battalion  Camp  Meade,  Admiral.  Md. 

Newlin.  J.  C  Major  Engineer  Officers'  Reserve  Corps ....  Amer.  Embassy.  London,  care  of  Vice- Admiral  Sims 

Nixon-Miller,  M  Captain  ...Company  "B,"  501st  Engineers  Gimp  Mcrritt,  N.  J. 

Notes,  S.  H  1st  Lieutenant  1st  Aero  Squadron  Columbus,  N.  M. 

Oaces,  J.  C  Colonel  113th  Engineers  Camp  Shelby,  Hattiesburg.  Miss. 

Otwell,  Curtis  W  Colonel  319th  Engineers.  Camp  Fremont,  Palo  Alto,  Cal. 

Perry,  Edward  Quartermaster  Officers'  Reserve  Camp  Lee,  Petersburg,  Va. 

PerERMAN,  J.  M  Private  Camp  Meade,  Admiral.  Md. 

Peters,  E.  T  Chief  Yeoman  Naval  Coast  Defense  Philadelphia  Navy  Yard 

Pfeffer,  H.  W  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Bethlehem,  Pa. 

Pike,  Clayton  W   Major    Ordnance  Officers'  Reserve  Corps       
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Prichett,  P.  B    .First  Troop.  Phila.  City  Cavalry   Camp  Hancock,  Augusta,  Ga. 

Prince,  H.  W   .      Squadron  80  .Camp  Eimennan.  Fort  Worth,  Texas 

Pugb,  M.  R  Major  American  Expeditionary  Forces,  via  New  York 

Rawcliffb,  J.  F.  B  .Lieutenant.   Field  Artillery      Houston.  Texas 

RayNSFORD,  C.  0  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps..  Washington.  D.  C. 

Reed,  R.  W  Private  l°th  Reserve  Engineers  American  Expeditionary  Forces,  France 

Reed.  Thomas  .Captain.  Ordnance  Officers'  Reserve  Corps  {         f  gffigftft**- 

Rbxixger,  H.  A  {  ^££rA  q  j^"."  }  -  53rd  Depot  Brigade  Camp  Hancock.  Augusta.  Ga. 

Ridge,  R.  S  Sergeant  23rd  Engineers  Camp  Meade.  Admiral,  Md. 

Ridcwat.  J.  J.  1st  Lieutenant  Co.  P,  318th  Infantry  Camp  Lee.  Petersburg.  Va. 

Ritchie,  J.  M  Captain  Quartermaster  Officers'  Reserve  Washington,  D.  C 

Rogers,  C.  B  Electrical  Research  Dept..  Aviation  Section.  Signal  Corps  Mineola.  L.  I. 

Roor.  J.  C  ....Captain    17th Engineers      France 

Roth,  P.  E  Private.  316th  Infantry  Camp  Mcadc,  Admiral,  Md. 

Saxville,  L.  F  Private   1 08th  Field  Artillery,  Pcnna.  Troops  Camp  Hancock,  Augusta,  Ga. 

Salter.  W.  R  1st  Lieutenant  .    Ordnance  Officers'  Reserve   Washington.  D.  C 

Schmidt,  A.  H   .   Company  "C."  315th  Infantry   Camp  Meade,  Admiral,  Md. 

Schoch,  J.  B.   .  .Lieutenant  .   109th  U.  S.  Infantry  Camp  Hancock.  Augusta,  Ga. 

ScnwEGLER,  O.  F    Reserve  Officers'  Training  Camp    Fortress  Monroe.  Va. 

Sheahax,  J.  C   2nd  Lieutenant  Co.  11,  Section  B,  Bldg.  6  Camp  Jos.  E.  Johnston.  Jacksonville,  Fla. 

Shuster,  W.  H-.  Jr  Lieutenant   314th  Infantry  C  amp  'Mcadc,  Md. 

Smith.  W.  S  Rear  Admiral  Mavy  Department  ..Special  Duty.  Naval  Consulting  Board.  Washington.  D.C. 

Smith.  X.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  The  Remington  Arms  W.  M.  C.  Co..  Won,  NY. 

Spaceman.  H.  S  Major  Engineer  Officers'  Reserve  Overseas  Service 

Spencer.  Alex.  C,    Royal  Flying  Corps  Toronto.  Canada 

Spillax,  J  J.  D   .  ..Sergeant  Hq.  53,  Brig.  F.  A   Camp  Hancock.  Augusta,  Ga. 

St.  Johx.  Everett  .    .  .  1st  Lieutenant  Coast  Artillery  Reserve  Corps    Fort  du  Pont,  Delaware 

Tawresey.  J.  C  Naval  Constructor  Navy  Department  Construction  Officer.  Philadelphia  Navy  Yard 

Taylor,  H   .  .  1st  Lieutenant..   .304th  Regiment  Engineers   .   ,  ..Camp  Meade,  Admiral.  Md. 

Thacher,  C.  F.,  Jr  .1st  Lieutenant . .  . .  Engineer  Officers'  Training  Oimp  _  Belvoir,  Va. 

Tkacher,  C.  H  2nd  Lieutenant  Engineer  Officers'  Training  Camp   .  Belvoir.  Va. 

Thomas.  R.  S  .Lieutenant  Colonel  312th  Engineers  Camp  Pike,  Little  R-ek.  Ark. 

Thomsox,  H.  A  1st  Sergeant    Pcnna.  Quartermaster's  Corps    Camp  Hancock,  Augusta,  Ga. 

Tillsox,  P.  E  Lieutenant   . . .United  States  Naval  Reserve  Force  U.  S.  S.  Maine 

UtlLER,  W.  D  Major   Quartermaster  Officers'  Reserve  Corps  

Vaughax,  I).  I   1st  Lieutenant...   Officers' Reserve  Corps  Gimp  Joseph  E.  Johnston,  Jacksonville,  Fla. 

Voglesox,  J.  A  Major    Sanitary  Corps    Fort  Oglethorpe,  Chattanooga,  Ten.n. 

Ward.  R.  C    Captain  Coast  Artillery  Fort  Greble,  R.  I. 

Warfbl,  A.  C   2nd  Lieutenant   _35lh  Regiment  Engineers     .Camp  Grant,  Rockfonl.  Illinois 

W  artel,  J.  P   .  .Senior  Lieutenant  U.  S.  Naval  Reserve  Force  Philadelphia  Navy  Yard 

Watsox,  G.  I   Captain  Engineer  Officers'  Reserve  Corps       

Webb,  Walter  [,okin<;  Major   Engineer  Officers'  Reserve  Corps.    l-'raiice 

Wextz,  E.  M   Asst.  Paymaster   Receiving  Ship    Brooklyn  Navy  Yard 

WntTARER,  J.  H   .2nd  Lieutenant   31 7th  Field  Artillery   ...  ...  Camp  Jackson.  Columbia.  S.  C. 

White,  W.  M.  ..Captain  and  Regimental  Adjutant  103rd  Engineers  Camp  Hancock.  Augusta.  Ga. 

Wild,  II.  J  ...Captain  Engineer  Officers'  Reserve  Corps.  ..  War  Department,  Washington,  D.C. 

Williams.  H.  L   2nd  Lieutenant   Engineer  Officers'  Reserve  Corps  Corpus  Christi,  Texas 

Witte,  W.  E.   .  .1st  Lieutenant  .    .Ordnance  Officers'  Reserve  Corps     

Wobrwag.  C.  A..   1st  Lieutenant  Ordnance  Officers'  Reserve  Corps    

Work,  Leonard  1st  Lieutenant  52nd  Aero  Squadron,  A.  S.  S.  C  American  Expeditionary  Purees,  via  New  York 

Worrell,  H.  S   Lieutenant   C.  A.  C.  School  U    Fortress  Monroe,  Va- 

Worth,  J.  G   Captain  Quartermaster  Officers'  Reserve  Camp  Wheeler.  Macon,  Ga. 

Zeckwer.  J.  A.  ..Ensign...    _      .   U.  S.  Naval  Reserve  Force   Boarding  Officer,  Port  of  Philadelphia 

Zinn,  George  A   Colonel  District  Engineers'  Office.  Custom  House  Portland,  Oregon 
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REQUEST  FOR  INFORMATION 

THE  COMMITTEE  HBaUBiTS  TUVT  TUB  MEMBERS  OK  THE  CLUB  INEORM  TUE  COMMITTEE  OF  TflECR  ADMISSION  TO  THE 
MILITARY  OH  NAVAL  SERVICE. 

THE  COMMITTEE  WOULD  ALSO  BK  PLE\SED  TO  RECEIVE  SUGGESTIONS  PROM  MEMBERS  WHO  HAVE  ENTERED  THE  SERVICE. 
PLEASE  ADDRESS  COMMUNICATIONS  TO  THE  COMMITTEE  ON  NATIONAL  SERVICE. 
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AMERICAN  SOCIETY  OF  HEATING  AND 
VENTILATING  ENGINEERS 

EASTERN  PENNSYLVANIA  CHAPTER 


THE  regular  monthly  meeting  was  held  Thursday 
evening,  January  10,  with  Mr.  II.  I'.  (".ant  acting 
as  chairman.  It  was  announced  that  Mr.  \V.  II. 
Timm  was  to  present  a  paper  on  "  The  Modern  Dairy," 
but,  as  quite  a  few  of  the  members  were  attending  a  very 
important  committee  meeting  on  fuel  conservation,  it  was 
decided  to  postpone  this  subject  to  a  future  date. 

The  president  of  the  parent  body,  Mr.  J.  Irvine  Lvle, 
paid  us  an  unexpected  visit  and  gave  us  the  subjects  to 
be  discussed  at  the  annual  meeting  in  New  York.  These 
were  as  follows : 

"What  We  Do  and  Don't  Know  About  Heating." 
by  John  K.  Allen;  "High  Temperature  Drying."  by 
B.  S.  Harrison;  "The  Temperature  of  Evaporation," 
by  W.  II.  Carrier;  "  Economy  in  Fuel";  "  Fuel  Con- 
servation ";  Discussion  of  problems  of  limitation  of  fuel 
consumption  in  the  United  States;  general  discussion 


of  reports  of  Committee  on  Code  for  Testing  Low- 
pressure  Heating  Boilers;  "  The  Engineering  of  Warm 
Air  Furnace  Heating."  by  M.  Win.  Ehrlich ;  "  Answer- 
ing Fuel  Needs  with  a  New  Cas  Heating  System,"  by 
G.  S.  Barrows;  "Dust:  Its  Universality.  Elimination 
and  Conservation,"  by  E.  K.  Knowles;  "  The  Preserva- 
tion of  Hot-water  Supply  Pipe,"  by  F.  N.  Speller  and 
K.  G.  Knowland;  "The  Relation  of  Hot-water  Service 
Heating  to  Various  Types  of  Buildings,"  by  H.  L.  Alt; 
"  Calculations  and  Analysis  of  a  Compound  Gravity 
Lou -pressure  Hot-water  System,"  by  A.  J.  Welle; 
"  Measurements  of  Low-pressure  Steam  Used  for  Heat- 
ing the  Buildings  of  the  University  of  Michigan,"  by  J.  E. 
Ems  wider. 

The  Meetings  Committee  announces  Mr.  Chas.  V. 
Ilayncs  as  the  evening  speaker  for  the  meeting  to  Ik-  held 
on  Thursday,  February  14.  His  subject  will  be  a  con- 
tinuance of  bis  paper  presented  Deccmlier  l^.  1917. 
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THF.RF.  will  be  two  meetings  of  the  Philadelphia 
Section  in  February,  one  a  joint  meeting  with  The 
Franklin  Institute,  February  7,  at  which  Dr.  Edwin 
F.  North rup  will  present  a  paper  on  '*  The  Application  of 
Oscillatory  Currents  to  Heating  and  Electric  Furnace 
Practice."  and  the  other  on  February  11,  at  the  Engi- 
neers" Club,  which  will  be  the  Annual  Students-  Night. 

The  paper  of  the  evening  will  be  presented  by  Mr.  J. 
S.  Francis.  Engineer  of  Appraisals  for  The  Bell  Tele- 
phone Company  r>f  Pennsylvania. 

The  January  meeting  of  the  Philadelphia  Section  of 
the  A.  I.  E.  E.,  |M)st]M>ned  from  January  14,  was  held 
January  28.  The  speakers  were  Mr.  Paul  Spencer.  Elec- 
trical Engineer  for  the  U.  G.  I.  Company.  Philadelphia, 
and  Mr.  <  i.  F.  Wendle.  Chief  Engineer  of  the  Lycoining- 
Fdi>on  Company.  Williamsport.  Pa. 

The  meeting  was  devoted  to  a  discussion  of  the  funda- 
mental principles  underlying  the  writing  of  the  "Speci- 
fications Covering  the  Construction  at  Crossings  of  ( >vcr- 
hcad  Lines  of  Public  Utilities."  Mr.  Spencer  was  (."hair- 
man  and  Mr.  Wendle  a  member  of  the  committee  ap- 
pointed by  the  Pennsylvania  State  Public  Service  Com- 
mission to  prepare  the  specifications. 

Mr.  Spencer  stated  that,  in  preparing  the  specifica- 
tions, standard  usages  and  construction  methods  and  speci- 
fications of  various  public  service  companies  in  the  State. 
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as  well  as  the  work  of  the  Bureau  of  Standards  and  large 
w  ire-using  companies  in  other  states,  had  been  used  v  ery 
extensively  in  arriving  at  basic  principles  and  practices 
to  be  written  into  the  specifications.  He  stated,  also,  that 
a  large  amount  of  original  investigation  and  mathematical 
computation  had  been  undertaken  in  connection  with  the 
matter. 

It  was  jK)inted  out  that,  owing  to  the  general  practice 
of  considering  a  line  carrying  5.U00  volts  or  over  a  high 
voltage  line,  the  committee  had  adopted  this  classification, 
and  a  greater  factor  of  safety  in  the  mechanical  construc- 
tion of  such  high  voltage  lines  was  required  than  for  low 
voltage  lines;  the  ratio  of  these  factors  being  four  to  one. 
The  maximum  conditions  upon  which  the  mechanical  de- 
sign is  based  arc  zero  weather,  one-halt  inch  of  ice  on  the 
wires  and  structure,  ami  a  s.-ventv-mile  wind  at  right 
angles  to  the  line.  For  low  voltage  lines,  a  wind  pre— urc 
one-half  as  great  was  assumed. 

Discussion  brought  out  the  thought  that  the  adual 
factor  of  safety  was  much  greater  than  assumed  because 
of  the  small  liability  of  all  three  of  the  conditions  imposed 
occurring  at  the  same  time. 

Mr.  Wendle  was  responsible  for  a  large  part  of  the 
mathematical  work  involved  and  discussed  the  mathe- 
matics of  catenaries  and  methods  developed  for  the  rapid 
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THE  FEBRUARY  MEETING 

TiE  next  meeting  of  the  Section  will  be  held  at 
the  Engineers'  Club  on  Tuesday,  February  26,  at 
8:15  p.m.  Mr.  Carl  Barth,  Consulting  Engineer, 
will  give  an  address  on  the  Income  Tax.  The  paper  will 
show  the  benefit  of  the  analysis  made  in  "engineering 
fashion."  He  anticipates  at  a  later  date  to  give  "  Supple- 
ment to  Taytor's  Art  of  Cutting  Metals." 


THE  JANUARY  MEETING 

A  very  interesting  and  well-attended  meeting  was 
held  at  the  Club  on  the  evening  of  January  22.  Prof. 
William  L.  Cathcart,  U.S.N,  (retired),  spoke  on  "The 
War  on  Land  or  Sea." 

The  paper  was  profusely  illustrated  with  excellent 
lantern  slides. 

It  will  be  published  in  full  in  a  subsequent  issue  of 
this  Journal. 
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TIE  next  regular  meeting  will  be  held  in  the  audi- 
torium of  the  Engineers'  Club,  Thursday  evening. 
February  7,  at  8:15  o'clock.  Mr.  Arthur  H.  Allen, 
M.E.,  Manager,  Triumph  Electric  Company,  will  pre- 
sent an  illustrated  address  on  "  Compression  Rheostats." 

Mr.  Ambrose  G.  Warren,  E.E.,  General  Superin- 
tendent of  J.  W.  Paxson  Company,  addressed  the  De- 
cember 6  Tech  meeting  on  "Modern  Foundry  Ma- 


chinery." This  up-to-the-minute  paper  brought  forth 
a  lengthy  and  lively  discussion. 

The  meeting  of  January  3  was  especially  interesting. 
Mr.  Alfred  D.  Flinn,  Deputy  Chief  Engineer,  Board  of 
Water  Supply,  New  York  City,  presented  an  illustrated 
address  on  "  New  York  Catskill  Mountain  Water  Sup- 
ply." The  paper  will  appear  in  its  entirety  in  the  March 
issue. 
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THE  next  meeting  of  the  Technology  Club  will 
be  held  on  Wednesday  evening,  February  6, 
1918.  There  will  be  an  informal  dinner  at  6.30 
p.m.  and  the  meeting  at  8.15  p.m.  Announcements  of 
the  speaker  for  the  next  meeting  will  be  mailed  to  the 
members. 

At  the  January  meeting  of  the  Club  the  reunion  of 
the  Technology  Clubs  Associated  was  discussed  by  the 
members  present.  It  was  the  unanimous  opinion  that 
it  would  be  unwise  to  hold  the  reunion  with  the  present 


hotel  and  transportation  facilities,  and  that  war  condi- 
tions did  not  warrant  the  expenditure  of  time  and 
money  in  connection  with  the  reunion  at  the  present 
time.  The  club  has  cojnmunicated  with  the  Institute 
authorities  at  Cambridge,  and  it  is  believed  that  the 
reunion  will  be  postponed. 

Major  J.  H.  M.  Andrews,  of  the  103d  Engineers, 
spoke  to  the  Club  relative  to  the  need  of  trained 
technical  men  in  the  Ordnance  Corps  of  the  Army. 
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MINUTES  OF  THE  PHILADELPHIA  SAFETY 
COl  XCIL  S  MEETING 

A MEETING  of  The  Philadelphia  Safety  Council 
was  hekl  in  The  Engineers'  Club  on  January  15,  at 
'8.30  P.M.,  Mr.  J.  F.  Conner  presiding. 
The  report  of  the  Nominating  Committee  was  read. 
The  following  officers  were  elected : 

For  President — J.  F.  Conner. 

For  Vice-President — Coleman  Sellers,  Jr. 

For  Secretary-Treasurer— John  P.  Mudd. 

The  financial  report  for  the  calendar  year  of  1917 
was  read  and  adopted. 

A  committee,  consisting  of  Messrs.  R.  B.  Duncan 
and  C.  L.  McAHester,  was  appointed  to  audit  the  treas- 
urer's books. 

The  following  men  were  appointed  to  represent  The 
Philadelphia  Safety  Council  with  The  Engineers'  Club: 

On  the  Board  of  Directors — J.  B.  Douglas. 
Committee  on  Meetings — C.  C.  Black. 
Public  Relations— H.  W.  Forster. 
Engineers'  Cli  b  JOURNAL — A.  C.  Christie. 

The  following  committees  were  appointed: 

Publicity  Comtnittec 
Fred  W.  Johnson  (chairman) 
Care  of   Philadelphia   Rapid  Transit 

Company, 
Eighth  and  Dauphin  Streets,  Philadel- 
phia, Pa. 
William  L.  McLean 
H.  P.  Weaver 


Program  Committee 
C.  C.  Black  (chairman) 

Care  of  Department  of  Labor  and  In- 
dustry, 

°-04  Finance  Building,  Philadelphia,  Pa. 
R.  B.  Duncan 
L.  J.  Freund 

Membership  Committee 
Donald  N.  Frazier  (chairman) 

Care  of  American  Mutual  Liability  In- 
surance Company, 
Commercial  Trust  Building,  Philadel- 
phia, Pa. 
J.  Brogden 
N.  P.  Lloyd 
William  Harmer 
Henry  C.  Essling 

Attendance  Committee  (special) 

C.  Howard  Williams  (chairman) 
Care  of  American  Pullev  Company, 
No.  4200  Wissahickon  Avenue,  Phila- 
delphia, Pa. 

Charles  Lobs 

C.  L.  McAHester 

J.  C.  Spicer 

Laura  M.  Roadefer 

M.  McGinnis 

W.  P.  Weaver  directed  a  round-table  discussion  on 
the  subject  of  "  Fire  Prevention."  A  vote  of  thanks 
was  extended  to  him  for  his  excellent  talk  on  the 
subject. 

The  meeting  adjourned  at  10  p.m. 
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calculation  of  the  mass  of  data  prepared  for  the  tables 
and  curves  in  the  appendices  to  the  specifications.  He 
pointed  out  certain  errors  in  Taylor's  formulae  when  ap- 
plied to  catenaries  of  large  vertical  height  and  showed 
that  Pendar's  formula  for  the  parabola  fitted  the  condi- 
tions desired  in  the  specifications  with  an  accuracy  of  three 
or  four  per  cent.  Mr.  Wendle  disclaimed  any  originality 
for  any  of  the  mathematical  formula?  of  the  catenary, 
referring  to  the  fact  that  most  of  the  early  text  books 
contained  all  the  catcrnary  formula?. 

Mr.  H.  S.  Warren,  of  the  American  Telephone  and 
Telegraph  Company,  New  York;  Dr.  M.  G.  Lloyd  and 
Mr.  W.  J.  Canada,  of  the  Bureau  of  Standards,  Washing- 
ton, D.  C. ;  Mr.  Thomas  Sproule,  Assistant  Engineer, 
Philadelphia  Electric  Company;  Mr.  J.  L.  Kilpatrick, 


Engineer,  and  Mr.  J.  S.  Francis,  Engineer  of  Appraisals, 
of  The  Bell  Telephone  Company  of  Pennsylvania,  dis- 
cussed the  papers. 

Among  the  points  brought  out  in  the  discussions,  one 
of  the  more  important  was  the  advantages  gained  in  the 
preparation  of  the  specifications  in  bringing  together  rep- 
resentatives of  the  various  wire-using  companies  of  the 
State,  and  advancing  cooperation  by  a  more  intimate 
knowledge  of  each  other's  problems. 

Mr.  Canada  s[>oke  of  the  value  which  the  preparation 
of  the  Crossing  Specifications  had  been  to  the  Bureau  of 
Standards  in  the  preparation  of  the  Safety  Code,  and  of 
the  close  association  of  the  work  of  the  Bureau  of  Stand- 
ards anil  the  Crossing  Specifications  Committee  during 
the  progress  of  the  work. 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


107 


Digitized  by  Google 


THE 


JOURNAL 


VOL.  XXXV-3 


OF  THE  ENGINEERS'  CLUB  OF  PHILADELPHIA 

AND  AJTI HATED  SOCIETIES 

MARCH,  1918 


NO.  160 


NEW  YORK  CITY'S  CATSKILL  MOUNTAIN 
WATER  SUPPLY* 

BY  ALFRED  D.  FLINN 

Deputy  Chief  Engineer 
Board  of  Water  Supply,  New  V'obk  Citv 


UNTIL  Catskill  Mountain  water  became 
available,  supplies  for  Manhattan  and 
Bronx  boroughs  were  obtained  princi- 
pally from  the  Croton  River,  first  put  into  use 
in  1842 :  for  Brooklyn,  from  wells  and  ponds  in 
Nassau  County,  Long  Island,  and  for  Queens 
and  Richmond  boroughs,  from  local  wells 
mostly  owned  and  operated  by  private  water 
companies.  Due  to  occupation  of  water-gather- 
ing grounds  by  growing  communities,  some 
smaller  sources  of  supply  became  unsatisfactory. 
Existing  systems  have  been  outgrown,  altho  the 
more  important  ones  will  be  used  permanently. 

Of  recent  years  New  York  City's  popula- 
tion has  been  increasing  at  the  rate  of  about 
157,000  persons  each  year — the  equivalent  of 
Atlanta,  Hartford,  or  New  Haven;  or  every 
three  years  as  many  people  as  there  are  in  Buf- 
falo; in  four  years  enough  persons  to  populate 
the  state  of  Rhode  Island.  For  each  additional 
person  approximately  100  gallons  more  water 
are  required  each  day.  Consequently,  from 
lime  to  time,  extensive  additions  to  the  city's 
water  supplies  have  been,  and  will  continue  to 
be,  necessary.  The  Catskill  system,  the  first 
and  most  important  portion  of  which  has  re- 
cently been  put  into  service,  is  the  greatest  addi- 
tion ever  made  to  any  city's  water  resources. 
The  second  portion  of  this  Catskill  scheme,  to 
be  completed  in  about  seven  or  eight  years,  will 
add  an  equal  quantity  of  water.  At  a  somewhat 
more  distant  future,  if  the  city  continues  to  grow, 
other  supplies  must  be  sought  and  developed. 

Assuming  that  sufficient  reasons  have  been 
advanced  for  additional  supply  of  water,  atten- 
tion is  invited  to  the  new  Catskill  Mountain  sys- 
tem constructed  by  the  Board  of  Water  Sup- 
ply—to its  sources,  to  works  for  collecting 
water  and  conducting  it  to  the  city,  and  inci- 
dentally to  some  of  the  engineering  problems. 
Description  of  the  works  will  be  prefaced  by  a 

•Presented  before  the  Worcester  Tech  Club,  at 
the  Enpncers1  Club,  January  3.  1918. 
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MAP  OP  THE  CATSKILL  MOUNTAIN  WATRR  SYSTEM.  SHOWING  ITS 
RELATION  TO  THE  CROTOX  AND  RIDGE  WOOD  SYSTEMS 
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BRIEF  OUTLINE  OF  THE  SYSTEM 

For  legal  and  engineering  reasons,  streams  west  of 
the  Hudson  River,  in  the  Catskill  Mountains,  were 
chosen  as  the  most  available,  economical,  and  best 
sources.  It  was  determined  that  the  new  system  should 
furnish  as  a  year-in-and-year-out  average  500,000,000 
gallons  of  water  daily.  As  a  matter  of  engineering  judg- 
ment, an  aqueduct  of  this  capacity  was  deemed  as  large 
as  could  be  built  in  the  region  to  be  traversed,  and  no 
less  an  increment  should  be  made  to  the  city's  water 
resources.  This  quantity  of  water,  flowing  thru  a  fifty- 
foot  wide  street  at  a  velocity  equivalent  to  an  average 
walking  speed,  would  make  a  stream  shoulder  deep.  It 
was  found  that  half  the  desired  quantity  could  be  pro- 
cured from  Esopus  Creek,  above  Olive  Bridge,  and 


extends  120  miles  to  Staten  Island,  a  three-day  journey 
for  the  water,  crossing  the  Hudson  miles  above 
West  Point  and  having  a  branch,  seven  miles  long, 
from  the  heart  of  Brooklyn  to  Queens  Borough.  With 
so  long  an  aqueduct  it  is  necessary  to  maintain  a  large 
store  of  water  near  the  city.  A  natural  basin  was  found 
at  Valhalla,  three  miles  above  White  Plains,  and  here 
Kensico  reservoir  has  been  created  for  this  purpose.  To 
equalize  the  constantly  fluctuating  demands  against  the 
steady  flow  in  the  aqueduct,  a  small  reservoir  was 
needed  on  ground  of  sufficient  elevation  close  to  the 
city.  In  Yonkers,  just  north  of  the  city  line,  a  suitable 
hill  was  discovered,  and  on  its  top  Hill  View  reservoir 
lias  been  constructed.  Fifth  and  last  is  a  small  terminal 
reservoir  on  Staten  Island,  known  as  Silver  Lake. 


OLIVE  BRIDGE  OAM 
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CROSS-SECTIONS  OP  THE  PRINCIPAL  MASONRY  DAMS  OP  THE  CATSKILL  MOUNTAIN  WATERWORKS.   PLOOD  WATERS  WILL 
PLOW  OVER  THE  TOP  OP  THE  GILBOA  DAM.  BUT  NOT  OVER  OLIVE  BRIDGE  NOR  KBNSICO  DAM 


the  other  half  from  Schoharie  Creek,  above  Gilboa,  the 
areas  of  these  watersheds  being,  respectively,  257  and 
314  square  miles.  It  was  decided  to  develop  Esopus 
Creek  first.  To  secure  the  quantity  of  water  required 
daily  it  is  necessary  to  conserve  flood  flow.  For  this 
purpose  Ashokan  reservoir  has  been  created  ten  miles 
west  of  Kingston,  three-fifths  of  its  capacity  for  Esopus 
water  and  two-fifths  for  Schoharie.  For  the  remain- 
ing storage  needed  for  Schoharie  Creek  a  reservoir  is 
to  be  constructed  in  the  immediate  future.  From  this 
reservoir,  Shandakcn  tunnel.  18  miles  long,  11  feet  6 
inches  high,  and  10  feet  3  inches  wide  inside,  of  650,- 
000,000  gallons  daily  capacity,  piercing  the  intervening 
mountains,  will  convey  the  water  into  Esopus  Creek, 
eleven  miles  above  the  western  extremity  of  Ashokan 
reservoir. 

Catskill  aqueduct  begins  at  Ashokan  reservoir  and 


TYPES  OF  STRUCTURES 

The  major  dams  at  Gilboa,  Olive  Bridge,  and  Ken- 
sico are  of  masonry.  The  configuration  of  the  valley 
at  Gilboa  is  such  that  the  surplus  water  of  floods  must 
be  discharged  over  the  main  dam,  which,  consequently, 
will  have  its  crest  at  full-reservoir  level  and  its  down- 
stream face  built  in  steps  to  break  the  falling  water. 
Because  at  Ashokan  floods  can  be  more  conveniently 
cared  for  otherwise,  and  at  Kensico  the  reservoir  can  be 
completely  controlled  by  manipulation  of  the  flow  from 
the  aqueduct,  no  water  will  pass  over  the  main  dams. 
Each  carries  a  highway.  Olive  Bridge  dam  is  23  feet 
thick  at  its  thinnest  part ;  Kensico,  28  feet.  The  former 
has  a  maximum  height  of  240  feet  and  the  latter  307 
feet,  with  maximum  thicknesses  at  the  bottom,  re- 
spectively, 190  and  235  feet. 


112 


MARCH,     NINETEEN     HUNDRED    AND  EIGHTEEN 


NEW     YORK     CITY'S     WATER  SUPPLY 


At  Ashokan,  to  extend  the  main  masonry  dam  and 
to  fill  natural  gaps  in  the  sides  of  the  reservoir,  about 
five  miles  of  earth  dams,  or  dikes,  were  required,  at- 
taining a  maximum  height  of  120  feet.  These  were 
built  of  selected  fine  earth  in  thin  layers,  thoroly  com- 
pacted by  rolling,  and  have  substantial  core-walls  of 
concrete,  founded  in  rock  or  very  impervious  hardpan. 
These  dikes  are  covered  with  grass  on  their  tops  and 
downstream  slopes  and  with  stone  riprap  and  paving 
on  the  water  slopes.  Kensico  reservoir  required  but  a 
minor  dike,  made  of  liberal  dimensions  to  utilize  earth 
from  excavations  for  other  structures.  At  Hill  View 
and  Silver  Lake  large  quantities  of  earth  from  the 
basins  had  to  be  disposed  of,  and  the  embankments 
were  made  of  generous  cross-section,  only  a  portion 


more  as  a  concession  to  sentiment  than  to  meet  any  real 
need. 

Catskill  aqueduct  traverses  a  much  diversified  coun- 
try. There  are  gentle  hillsides  and  broad  plains  at  suit- 
able elevations  along  which  cut-and-cover  aqueducts 
could  be  constructed,  in  which  the  water  flows  without 
being  under  pressure ;  but  there  are  hills  and  mountains 
which  had  to  be  pierced  with  grade  tunnels,  so-called, 
at  the  flowing  level  of  the  aqueduct.  Many  valleys, 
some  of  them  wide  and  deep,  had  to  be  crossed.  For 
fourteen  minor  valleys,  riveted  steel  pipes  were  adopted, 
some  9  feet  and  others  11  feet  in  diameter.  In  each 
valley  three  pipes  will  be  required  for  the  full  capacity 
of  the  aqueduct,  altho  but  one  has  yet  been  laid.  For 
protection  from  rusting  and  to  make  the  smoothest  pos- 
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being  of  selected  earth  in  thin  layers.  At  the  last  three 
reservoirs  the  dikes  were  shaped  partially  to  resemble 
natural  hills,  and,  because  of  great  thickness,  have  no 
core-walls. 

To  dispose  of  floods  occurring  when  Ashokan  reser- 
voir is  full,  a  concrete  waste  weir,  1000  feet  long,  and  a 
paved  channel  were  constructed  at  a  place  whence  the 
water  could  be  safely  conducted  into  Esopus  Creek, 
three  miles  downstream  from  the  main  dam.  For 
many  reasons  connected  with  the  control  of  the  reser- 
voir, it  was  desirable  to  divide  this  great  artificial  lake 
into  two  basins.  By  extending  a  weir  and  dike  from 
a  hill  jutting  into  the  north  side  of  the  valley  to  the 
Beaverkill  dikes,  closing  a  long  gap  in  the  south  side, 
this  was  readily  accomplished.  Opportunity  was  thus 
afforded  to  carry  a  highway  across  the  reservoir  by 
building  a  bridge  on  the  dividing  weir.  For  Kensico 
reservoir  a  waste  weir  only  SO  feet  long  was  provided, 


sible  interiors  by  covering  the  rivet  heads  and  the  laps 
of  the  steel  plates,  these  pipes  were  jacketed  with  con- 
crete and  lined  with  Portland  cement  mortar.  At  each 
side  of  each  valley  a  chamber  containing  sluice  gates 
connects  the  pipes  with  the  adjoining  aqueduct. 

Few  engineering  problems  required  more  thoro  and 
protracted  study,  more  boldness  of  design  and  execu- 
tion, and  more  ingenuity  than  the  crossings  of  the  Ron- 
dout,  Wallkill,  Hudson,  and  Croton  valleys.  For  econ- 
omy, permanence,  and  security,  it  was  decided  to  use 
circular  tunnels  in  the  rock.  As  the  gorges  originally 
occupied  by  the  streams  are  far  below  their  present 
channels,  these  tunnels  were  forced  to  great  depths,  in 
order  to  keep  in  rock.  In  them  the  water  is  under  high 
pressure ;  therefore  they  were  named  pressure  tunnels. 
For  2X2  miles  north  of  Hill  View  reservoir,  also,  the 
aqueduct  is  of  this  type  and  known  as  the  Yonkers  pres- 
sure tunnel.   The  largest  pressure  tunnel  is  16  feet  7 
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inches  and  the  smallest  11  feet  in  diameter.  They  are 
lined  with  concrete  to  improve  their  hydraulic  prop- 
erties and  aid  in  rendering  the  surrounding  rock  more 
watertight  by  means  of  grouting;  that  is,  injecting  thin 
mixtures  of  cement  and  water  into  the  crevices  under 
high  pressure.  Each  pressure  tunnel  has  a  downtake 
shaft  at  one  end  and  an  uptake  shaft  at  the  other.  For 
the  longer  tunnels  several  intermediate  shafts  were  re- 
quired to  expedite  construction,  which  were  sealed  at 
completion  of  the  work.  Provision  was  made  for  un- 
watering  whenever  it  should  become  necessary  to  enter 
a  tunnel  for  inspection,  cleaning,  or  repairs.  For  this 
purpose  there  is  a  drainage  shaft,  in  which  can  be 
placed  special  pumping  apparatus  in  a  cylindrical  boat 


At  a  few  places  where  the  aqueduct  when  in  use 
would  be  under  only  slight  pressure  it  was  built  of 
concrete,  heavily  reinforced  with  steel  rods. 

To  get  Catskill  water  to  Staten  Island,  the  most 
formidable  barrier  of  all  had  to  be  negotiated ;  namely, 
the  Narrows  of  New  York  Harbor,  with  all  the  diffi- 
culties of  great  depth  of  water,  wind,  tide,  fog,  and 
heavy  traffic.  For  this  crossing  an  improved  type  of 
ball-and-socket  cast-iron  pipe,  3  feet  in  diameter,  was 
devised. 

The  size  of  the  cut-and-cover  conduit  is  apprehended 
when  compared  with  a  railway  car,  and  its  relation  to 
other  aqueducts  in  cross-section  is  shown  by  drawing 
them  side  by  side  to  the  same  scale. 


PROFILE  OP  CATSKILL  MOUNTAIN  WATER  SUPPLY  SYSTEM  FROM  GILBOA  DAM  TO  SILVER  LAKE  TERMINAL  1 
SHOWING  THE  ELEVATIONS  OP  THE  RESERVOIRS  AND  OP  THH  DIFFERENT  PARIS  OP  THE  AQUEDUCT 


or  float.  The  drainage  shaft  is  75  fect  from  the  tunnel, 
but  connected  by  a  drift,  flow  thru  which  is  prevented, 
when  the  tunnel  is  in  service,  by  a  special  valve.  Each 
drainage  shaft  has  a  superstructure,  of  the  type  shown 
in  the  illustration.  Exceptions  became  necessary  at 
Hudson  River  and  Croton  Lake,  where  waterway  shafts 
were  so  constructed  that  they  could  be  used  for  drain- 
age ;  Yonkcrs  tunnel  can  be  drained,  without  pumping, 
thru  the  Bryn  Mawr  steel  pipe,  which  connects  with  its 
north  end  under  pressure,  by  means  of  a  blow-off. 

A  pressure  tunnel  was  adopted  for  delivering  the 
water  in  New  York  City  instead  of  laying  a  great  num- 
ber of  large  pipes  in  the  streets,  with  the  accompanying 
intolerable  annoyance.  This  tunnel  secured  many  ad- 
vantages and  accomplished  a  saving  of  $15,000,000  as 
compared  with  pipe  lines.  It  is  by  far  the  longest 
tunnel  in  the  world,  being  almost  18  miles  in  length. 


SURVEYS 

Altho  the  topographic  maps  of  the  United  States 
Geological  Survey  covered  the  region,  and  a  few  detail 
maps  had  been  made  by  predecessors  of  the  Board  of 
Water  Supply,  it  was  still  necessary,  in  order  to  de- 
termine the  most  suitable  exact  locations  for  the  aque- 
duct, the  reservoirs,  and  their  appurtenant  structures, 
to  run  about  3000  miles  of  line  surveys,  take  topography 
of  tens  of  thousands  of  acres,  dig  hundreds  of  test  pits 
and  drill  thousands  of  holes  into  the  earth,  aggregating, 
if  put  end  to  end,  45  miles  in  depth.  Thru  winter's 
snows  and  summer's  heat,  across  frozen  rivers  and  up 
rocky  precipices,  these  surveys  were  pushed. 

At  Olive  Bridge  and  all  other  dam  sites,  along  the 
aqueduct,  particularly  at  tunnel  locations,  and  in  the 
city  streets,  wash  and  diamond  drill  borings  were  made 
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under  the  guidance  of  engineers  and  geologists  to  learn 
the  nature  of  the  ground  to  be  excavated,  the  depth 
to  rock,  and  its  character.  This  information  was  needed, 
so  that  the  most  appropriate  type  of  structure  might 
be  selected,  economically  located,  and  intelligently  de- 
signed ;  so  that  many  problems  might  be  solved  in 
advance,  and  so  that  contractors,  having  ample  knowl- 
edge of  conditions,  might  safely  make  lower  bids  for 
construction.  Similar  explorations  were  made  for 
quarries  and  sand  pits.  By  means  of  diamond  and  shot 
drills,  cylindrical  cores  of  rock  were  obtained,  varying 
from  inch  to  5  inches  in  diameter  and  from  a  fraction 
of  an  inch  to  10  feet  in  length.  Carefully  selected  cores, 
sufficient  to  show  the  character  of  all  the  rocks  investi- 
gated, have  been  fully  labeled  and  systematically  de- 


river.  The  depth  to  rock  in  the  pre-glacial  gorge  had 
to  be  learned.  Many  endeavors  were  made  to  deter- 
mine points  on  the  rock  surface  by  drilling  from  a  num- 
ber of  scows  anchored  in  the  river,  but  the  tide,  storms, 
and  traffic,  as  well  as  the  depth  and  nature  of  the 
glacial  filling  of  the  gorge,  made  progress  slow  and 
uncertain.  At  a  few  points  near  shore  rock  surface 
was  reached,  and  ultimately  a  drill  in  the  middle  of 
the  river  attained  a  depth  of  768  feet,  but  without  en- 
countering rock,  before  it  was  swept  from  its  location 
by  a  colliding  tow  of  barges. 

To  obtain  more  complete  and  dependable  informa- 
tion, in  February,  1907,  the  Board  began  sinking  a 
test  shaft  on  each  margin  of  the  river.  Two  hundred 
and  fifty  feet  below  the  river  surface  a  chamber  was 
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posited  in  places  of  safe  keeping  in  the  city  and  along 
the  aqueduct  so  that  they  may  be  available  for  fur- 
ther study  in  connection  with  future  water  supply  or 
other  projects  or  for  the  advancement  of  the  geological 
knowledge  of  the  region. 

Of  all  the  geological  explorations,  the  most  dim- 
cult,  the  most  tedious,  and  yet  the  most  interesting  was 
the  search  for  a  Hudson  River  crossing.  Bridges,  sub- 
merged pipes  and  other  suggestions  were  rejected  in 
favor  of  pressure  tunnel  because  of  the  great  economy 
of  the  latter  and  its  superiority  in  other  respects.  Sup- 
plementing extensive  surface  examinations  of  the  re- 
gional geology,  drillings  were  made  across  the  river, 
between  Poughkeepsie  and  West  Point,  at  six  places 
which  seemed  to  have  possibilities,  choice  finally  fall- 
ing on  the  northerly  gate  of  the  Highlands,  where  a 
gneissoid  granite  forms  Storm  King  Mountain  on  the 
west,  Breakneck  Ridge  on  the  east,  and  the  bed  of  the 


excavated  in  each  shaft,  and  diamond  drill  borings  in- 
clined 45  degrees  were  started  toward  the  middle  of 
the  valley.  These  attained  a  depth  of  1500  feet,  having 
yielded  excellent  samples  of  rock  thruout  their  lengths 
of  approximately  2000  feet.  Next  a  pair  of  holes  at 
half  this  inclination  was  undertaken  in  the  anticipa- 
tion that  they  might  pierce  the  jorge  surface.  Instead, 
they  continued  in  rock  to  an  intersection  950  feet  below 
river  level.  It  being  unnecessary  to  pursue  the  investi- 
gations further,  the  tunnel  was  located  at  the  minimum 
required  depth  in  sound  rock  (150  feet)  below  the  in- 
tersection of  the  second  pair  of  drill  holes;  i.e.,  1100 
feet  below  the  river  surface.  Meanwhile,  shaft  sinking 
had  been  continued  and  in  March.  1911,  reached  the 
predetermined  depth  for  the  tunnel,  having  continued 
in  suitable  rock  from  top  to  bottom. 

Surveys  were  completed  and  contracts  were  pre- 
pared first  for  those  portions  of  the  system  which  would 
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require  the  longest  time  for  construction.  Construc- 
tion on  a  large  scale  was  begun  early  in  1907.  Catskill 
water  was  first  used  in  New  York  in  1915  and  in  regu- 
lar service  in  1917. 

THE  RESERVOIRS 

Gilboa  dam  will  have  its  top  1150  feet  above  tide, 
or  slightly  higher  than  the  church  spire  shown  in  the 
illustration.  It  will  have  a  total  length  of  2330  feet,  of 
which  1330  feet  will  be  masonry,  with  a  maximum 
height  above  stream-bed  of  155  feet.  Schoharie  reser- 
voir will  extend  six  miles  upstream  and  have  a  capacity 
of  22,000,000,000  gallons.  At  the  central  part  of  the 
dam  site  the  creek  flows  in  a  rocky  gorge,  and  just 
downstream  passes  over  a  small  power  dam. 


feet  wide  and  40  feet  high  was  formed  thru  the  dam 
to  convey  the  stream  until  the  time  should  come  for 
filling  the  reservoir.  The  dam  was  built  in  sections 
85  feet  long  between  expansion  joints  provided  to 
care  for  slight  movements  due  to  changes  of  tempera- 
ture, without  permitting  leakage.  It  was  faced  on 
both  sides  with  large  concrete  blocks  cast  in  advance. 
Four  great  cableways  and  many  derricks  handled  the 
materials.  Earth  for  the  extensions  of  the  dam  was 
brought  in  railway  cars,  spread  with  scrapers,  and  com- 
pacted with  heavy,  grooved,  steam  rollers.  On  some 
dikes  the  earth  was  delivered  by  cableways  which 
dumped  their  loads  in  the  air,  and  on  others  the  core- 
wall,  built  up  in  successive  stages,  was  used  to  sup- 
port the  railway  which  hauled  the  earth.  Woodstock 


OLIVE  BRIDGE  DAM.  SHOWING  MKTHODS  OP  CONSTRUCTION.  POUR  STEEL  CABLEWAYS  SUSPENDED  BETWEEN  TOWERS 
SPANNED  THE  V ALLEY  AND  DELIVERED  MATERIALS,  WHILE  STIFF-LEO  DERRICKS  PLACED  THE  STONES  AND  CONCRETE  IN 
THE  DAM.  IN  THE  BACKGROUND  ARE  THE  CONCRETE  MIXING  PLANT  AND  THE  YARD  WHERE  THE  CONCRETE  PACING 
BLOCKS  WERE  CAST 


In  the  valley  now  filled  by  Ashokan  reservoir  were 
seven  villages,  with  a  population  of  2000  people,  32 
cemeteries  containing  2800  bodies,  11  miles  of  railroad, 
and  64  miles  of  highway.  This  reservoir  is  12  miles 
long  and  its  shore  line  40  miles.  The  maximum  depth 
of  water,  back  of  Olive  Bridge  dam,  is  190  feet,  and 
if  the  water  were  spread  over  Manhattan  Island  it 
would  cover  it  to  a  depth  of  30  feet,  or  up  to  the  third- 
story  windows. 

At  the  site  of  Olive  Bridge  dam,  Esopus  Creek 
flowed  thru  a  rocky  gorge  40  to  50  feet  deep  and  200 
feet  wide.  In  a  dry  season  two  coffer-dams  were  thrown 
across  the  creek  and  two  8-foot  steel  pipes  laid,  span- 
ning the  space  to  be  occupied  by  the  foundations  of 
the  dam.   As  the  masonry  was  built  up,  a  conduit  40 


dike  carries  a  portion  of  the  relocated  Ulster  and  Dela- 
ware Railroad,  while  most  of  the  other  dikes  have 
brick-paved  highways  on  their  tops.  In  the  dividing 
dike  is  the  upper  gate-chamber  where  the  aqueduct 
begins  and  the  admission  of  water  from  either  or  both 
basins  of  the  reservoir  is  controlled ;  at  the  top  of  the 
Beaverkill  dikes  is  the  lower  gate-chamber. 

The  conduit  through  Olive  Bridge  dam  was  closed 
in  September,  1913,  and  the  water  of  the  creek  col- 
lected in  the  reservoir.  The  completed  dam  with  full 
reservoir  makes  an  impressive  picture  with  its  moun- 
tainous background.  After  preliminary  partial  fillings 
and  emptyings  to  wash  the  reservoir  bottom,  which 
had  been  cleared  of  all  vegetation  and  structures,  water 
flowed  over  the  waste  weir  in  December,  1916,  thus 
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marking  the  first  complete  filling  of  both  basins.  As 
practically  the  whole  flow  of  the  stream  enters  the  west 
basin,  the  east  basin  is  filled  by  the  water  passing  over 
the  dividing  weir  beneath  Ashokan  Bridge. 

To  replace  the  means  of  traffic  submerged,  11  miles 
of  new  railroad  were  constructed  on  the  northerly  side 
of  the  reservoir,  and  35  miles  of  new  highways  were 
built,  paved  with  bituminous  concrete,  supplemented 
by  five  miles  of  brick  highways  on  the  dams  and  dikes. 
Stream  and  railroad  crossings  necessitated  ten  bridges 
in  these  highways,  all  of  which  are  of  reinforced  con- 
crete, the  longest,  Ashokan  Bridge,  being  1120  feet, 
with  fifteen  arches.  Esopus  Bridge,  at  the  western  ex- 
tremity of  the  reservoir,  has  five  arches  of  67yi  feet 
span,  and  Traver  Hollow  Bridge,  with  a  span  of  200 


could  not  be  interrupted,  two  temporary  reservoirs 
were  built  farther  up  in  the  basin  and  connected  to 
the  Bronx  conduit  by  a  36-inch  steel  pipe,  to  serve  tem- 
porarily. The  surface  of  the  new  reservoir  is  110  feet 
higher  than  was  that  of  Lake  Kensico  and  is  3J4  square 
miles  in  area.  In  emergency  it  alone  could  supply  the 
city  for  several  weeks.  Its  capacity  is  38,000,000,000 
gallons,  maximum  depth  155  feet  and  average  depth  52 
feet.  Only  one  small  hamlet  was  disturbed  in  order  to 
build  this  reservoir. 

Having  drained  Lake  Kensico,  very  deep  and  ex- 
tensive excavations  for  the  foundations  of  the  new  dam 
were  made  by  means  of  steam  shovels  and  standard- 
gauge  railroads,  since  sound  rock  was  at  great  depth 
below  the  surface  in  the  valley  bottom.   To  place  the 


ASHOKAN  RESERVOIR.  SHOWING  PORTIONS  OP  THE  BEAVERKILL  AND  DIVIDINO  DIKES.  THE  LOWER  AND  UPPER  GATE- 
CHAMBERS.    ASHOKAN  BRIDGE.  AND  THE  DIVIDING  WEIR  UNDER  THE  BRIDGE.    THE  EAST  BASIN  IS  IN  THE  BACKGROUND 


feet,  rises  100  feet  above  the  picturesque  brook  which 
flows  beneath. 

Viewed  from  High  Point  Mountain,  at  an  elevation 
of  3000  feet  or  more,  Ashokan  reservoir  spreads  out 
like  a  beautiful  lake.  It  is  almost  as  long  as  Man- 
hattan Island,  and  its  dams  and  dikes,  if  put  end  to  end, 
would  extend  from  the  Battery  to  the  Metropolitan 
Museum  of  Art.  Its  capacity  is  132,000,000,000  gallons. 

In  the  basin  chosen  as  the  site  of  Kensico  reservoir 
were  Lake  Kensico  and  the  two  Rye  Ponds,  supply- 
ing the  Williamsbridge  district  in  the  Bronx  thni  the 
48-inch  Bronx  pipe  line.  The  best  site  for  Kensico  dam 
crossed  Lake  Kensico  a  few  hundred  feet  upstream 
from  the  little  dam  built  in  1885.  It  was  therefore 
necessary  to  drain  this  reservoir,  but,  as  the  supply 


million  cubic  yards  of  masonry  in  Kensico  dam  the 
contractor  adopted  special  equipment  and  methods. 
Stiff-leg  derricks  of  unusually  great  capacity  were 
mounted  in  sets  on  travelers  supported  on  wide-gauge 
tracks  carried  on  concrete  piers  built  into  the  dam  as 
the  masonry-  rose  in  lifts  of  25  feet.  Supplies  were 
brought  to  the  derricks  on  standard-gauge  tracks.  So 
successful  was  the  system  that  nearly  a  half  million 
cubic  yards  of  masonry  were  laid  in  one  season,  reach- 
ing a  monthly  maximum  of  84,500  cubic  yards.  By  re- 
sourcefulness and  energy,  the  contractor  completed 
the  dam  nearly  four  years  in  advance  of  contract 
requirement. 

Because  of  its  nearness  to  the  city  and  ease  of  access 
by  railroad  and  highway,  and  because  so  few  of  the 
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structures  of  the  waterworks  system  will  be  seen  by 
people  of  the  city,  it  was  decided  to  give  this  dam  a 
fitting  architectural  treatment  and  landscape  setting. 
It  is  the  terminus  of  the  Bronx  valley  parkway  and 
already  attracts  thousands  of  visitbrs  every  week.  Its 
downstream  face  is  of  beautiful  granite  found  in  a  hill 
about  one  mile  east 
of  the  dam,  where 
a  quarry  was 
opened  by  the  con- 
tractor. The  stone 
is  boldly  cut  and 
carved  in  keeping 
with  the  massive- 
ncss  of  the  great 
structure,  which  is 
1906  feet  long,  in- 
cluding the  end  pa- 
vilions, and  rises 
140  feet  above  the 
present  surface  of 
the  ground.  Ken- 
sico  reservoir 
necessitated  the 
construction  of  IS 
miles  of  new  high- 
ways and  the  build- 
ing of  four  bridges, 
most  notable  of 
which  are  the  three- 
arch  stone  bridge 
connecting  the  east- 
erly end  of  Ken- 
sico  dam  with  the 
State  highway,  and 
Rye  outlet  bridge, 
crossing  a  narrow 
portion  of  the  res- 
ervoir about  two 
miles  north  of  the 
dam. 

To  create  Hill 
View  reservoir,  3,- 
000,000  cubic  yards 
of  earth  had  to  be 
excavated  by  steam 
shovels  and  placed 
in  embankments  to 
build  up  the  sides 
of  the  excavation. 
A  great  wall, 
slightly  submerged 


two  cableways  spanning  tr*  valley  aided  in  handling  materials  and  equipment.  1 
on  travelers  ana  the  sirgle  derricrs,  for  placirg  ate 
road  tracks  for  delivering  materials  to  the  derricks 

when  the  reservoir  is  full,  divides  the  reservoir  into  two 
basins  for  convenience  of  operation,  the  lower  part  of  the 
wall  containing  a  by-pass  aqueduct  so  that  water  can  be 
brought  into  the  city  without  entering  the  reservoir, 
whenever  necessary.  To  facilitate  cleaning,  the  bottom 
and  lower  slopes  of  the  reservoir  are  paved  with  con- 


crete and  the  upper  portions  of  the  slopes  are  covered 
with  stone  paving.  The  water  rises  into  the  reservoir 
at  its  northerly  end  thru  a  shaft  from  the  Yonkers  pres- 
sure tunnel  and  is  drawn  into  the  city  tunnel  thru  a 
downtake  shaft  at  the  southerly  end.  Over  each  shaft 
is  a  large  gate-chamber  in  which  the  flow  of  water  is 

  controlled.  The 

capacity  of  this 
reservoir  i  s  900,- 
000,000  gallons,  and 
the  depth  of  water 
S6'/3  feet. 

Silver  Lake  res- 
ervoir is  in  a  natu- 
ral depression.  It 
also  has  been  di- 
vided into  two 
basins,  with  con- 
trolling gate-houses 
in  the  dividing  dike. 
Its  capacity  is  435,- 
0  0  0,000  gallons. 
These  gate-houses, 
like  those  at  the 
other  reservoirs, 
are  of  cut  cast-con- 
crete stone,  adopted 
because  of  its  ex- 
cellent qualities  and 
economy.  Like 
Other  reservoir 
gate-houses  and  the 
buildings  along  the 
aqueduct,  they  are 
roofed  with  rein- 
forced concrete 
tiles,  similar  in  gen- 
eral form  to  the 
cut-stone  tiles  used 
on  the  roofs  of 
Greek  temples  cen- 
turies ago.  This 
type  of  roof  was 
adopted  for  perma- 
nence, to  withstand 
severe  climatic  con- 
ditions, and  to  re- 
sist the  occasional 
mischievous  per- 
son's stone  or  rifle 
shot. 


Kenaico  darn  during  cor  struction,  showing  the  division  rif  the  dam  by  the  expansion-joints.  The 
cablewa)*  spanning  the  valley  aided  in  handling  materials  and  equipment.  The  system  of  derricks 
on  travelers  ana  the  sirgle  derricra,  for  placirg  atonea  and  concrete,  are  alio  shown,  as  well  aa  the  rail- 


THE  AQUEDUCT 

Starting  in  the  upper  gate-chamber  of  Ashokan 
reservoir,  the  aqueduct,  of  double  capacity,  is  carried 
in  a  deep  rock  trench  beneath  the  Dividing  and  West 
dikes  to  the  lower  gate-chamber,  where  the  flow  of  the 
water  is  regulated  by  means  of  numerous  valves  oper- 
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DOWNSTREAM  FACE  OP  KENSICO  DAM  AND  THE  UNFINISHED  PARK  BELOW.  LOOKING  FROM  THE  PAVILION  AT  THE  WEST 
END  OP  THE  DAM  ACROSS  THE  TERRACE  AT  THE  BASE  OF  THE  DAM.  THE  POOL,  WITH  THREE  KINDS  OP  JETS  BEING  TRIED 
AND  THE  CASCADE  BASINS 


KENSICO  DAM  AND  RESERVOIR  AND  KENSICO  BRIDGE  NEAR  COMPLETION,  VIEWED  FROM  THE  STATE  HIGHWAY,  WHICH  PASSES 

ALONG  THE  EASTERLY  SIDE  OP  THE  RESERVOIR 
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ated  by  electric  power  generated  in  the  building  by 
the  flowing  water.  From  this  chamber  the  water  is 
diverted  generally  to  the  aerator  and  thence  to  the 
screen  chamber,  but  may  be  sent  directly  to  the  screen 
chamber,  where  it  is  passed  thru  fine  screens  to  remove 
leaves,  fish,  and  other  floating  objects.  To  this  build- 
ing the  aqueduct  is  in  duplicate  and  of  special  con- 
struction. At  the  south  side  of  the  screen  chamber  the 
standard  aqueduct,  of  the  cut-and-cover  type,  of  500,- 
000,000  gallons  daily  capacity,  begins. 

In  constructing  cut-and-cover  aqueduct,  a  trench 
was  roughly  dug  with  steam  shovels  with  a  bottom 
width  of  21  to  30  feet,  according  to  the  character  of  the 
earth  or  rock,  the  rock,  of  course,  being  blasted  to  pre- 
pare it  for  the  shovel.    After  hand  trimming  of  the 


for  contact  with  the  flowing  water.  The  forms  having 
been  prepared,  concrete  was  brought  from  a  nearby, 
or  sometimes  a  distant,  mixing  plant,  in  steel  buckets 
on  cars  drawn  on  tracks  laid  alongside  the  trench. 
Arrived  at  destination,  the  buckets  were  lifted  by  a 
locomotive  crane,  swung  over  the  forms  and  dumped, 
this  process  being  continued  until  the  arch  had  been 
completed.  Stretches  of  30  to  75  feet  of  aqueduct  con- 
stituted a  day's  work.  After  the  hardening  of  the  con- 
crete, the  forms  were  removed,  the  completed  aqueduct 
covered  with  earth,  and  the  surface  of  the  embank- 
ment planted  with  grass.  In  very  deep  cuts  only  part  of 
the  depth  was  refilled,  three  feet  of  cover  over  the 
aqueduct  being  sufficient.  Altogether  there  are  55 
miles  of  cut-and-cover  aqueduct,  divided  among  many 


ASH O KAN  AERATOR  AND  THE  BEGINNING  OP  THE  CATSKILL  AQUEDUCT.  THE  LARGE  BUILDING  IS  THE  SCREEN  CHAMBER, 
AT  WHICH  THE  STANDARD  AQUEDUCT  BEGINS.  POLLOWING  THE  AQUEDUCT  EMBANKMENT,  ONE  COMES  FIRST  TO  THE  GAGING 
CHAMBER  AND.  TO  THE  LEFT.  THE  TWO  CHAMBERS  OP  THE  ESOFUS  STEEL-PIPE  SIPHON.  THE  LOWER  GATE-CHAMBER  IS  JUST 
OUT  OP  THE  PICTURE  AT  THE  RIGHT 


trench,  the  curved  bottom,  or  invert,  was  placed  in 
alternate  15-foot  sections,  like  a  sidewalk,  with  special 
joints  between.  At  some  places  under-drains  for  ground 
water  had  to  be  provided ;  at  others,  soft  earth  removed 
or  consolidated,  or  special  supports  constructed  under 
the  aqueduct ;  at  a  few  small  depressions  very  carefully 
compacted  embankments  were  built  as  foundation. 

Following  the  invert,  collapsible  steel  forms  of  the 
shape  of  the  inside  of  the  aqueduct  were  set  up  in  sec- 
tions of  various  lengths,  and  outside  them  other  forms, 
with  space  between  equal  to  the  thickness  of  the  walls 
and  arch.  In  a  few  cases  wooden  forms  were  used, 
and  the  outside  forms  were  sometimes  partly  of  wood. 
The  inside  forms  were  coated  with  grease  to  prevent 
adhesion  of  the  concrete  and  secure  a  smooth  surface 


contracts,  and  interrupted  by  the  tunnels  and  stecl-pipc 
siphons. 

Kensico  reservoir  is  the  first  place  where  water  is 
normally  delivered  from  Catskill  aqueduct.  Here  a 
long  covered  weir  of  special  construction  admits  the 
water,  and  from  the  gate-house  at  its  end  a  reinforced 
concrete  by -pass,  11,000  feet  long,  extends  under  the 
margin  of  the  reservoir  to  the  upper  effluent  gate-house. 
At  the  latter  water  can  be  drawn  either  from  the  reser- 
voir or  from  the  by-pass. 

In  building  the  steel-pipe  siphons,  so-called,  sec- 
tions of  pipe  15  feet  long,  temporarily  coated  with  white- 
wash to  retard  rusting,  were  delivered  alongside  the 
trench,  in  the  bottom  of  which  cradles  of  concrete  had 
been  built.    The  pipes  were  lifted  into  the  trench,  riv- 
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ctcd  together,  tilled  with  water  when  completed  across 
the  valley,  and,  while  under  this  normal  water  pressure, 
covered  with  concrete.  After  this  concrete  jacket  had 
hardened,  the  water  was  removed.  The  mortar  lining 
was  placed  by  pouring  it  thru  small  pipes  set  in  holes 
left  for  the  purpose  thru  the  concrete  jacket,  into  the 
space  between  the  inside  of  the  pipe,  and  forms  placed 
in  it.  Over  the  chambers  at  the  ends  superstructures 
have  been  erected,  some  of  brick  with  concrete-stone 
trimmings,  others  wholly  of  concrete  stone,  and  a  few 
of  local  stone,  with  Concord  (New  Hampshire)  granite 
trimmings.  These  steel  pipes  aggregate  six  miles  in 
length. 

In  constructing  many  of  the  tunnels  the  first  step 
was  shaft  sinking.    After  starting  the  digging  at  the 


proximately  horizontal  holes  in  the  heading  and  verti- 
cal holes  in  the  bench.  These  holes  were  loaded  with 
dynamite,  which  was  exploded  in  proper  sequence.  The 
broken  rock,  or  "  muck,"  was  shoveled  into  wheelbar- 
rows and  dumped  into  small  cars,  or  shoveled  directly 
into  the  cars,  altho  in  a  few  cases  special  machines  were 
used.  The  cars  were  drawn  by  mules  or  electric  loco- 
motives to  either  a  portal  or  the  bottom  of  a  shaft  and 
run  out  on  waste  piles,  or  to  a  rock  crusher  to  be  used 
for  concrete  material. 

Altho  exploratory  borings  enabled  the  engineers  to 
locate  the  tunnels  so  as  to  avoid  many  difficulties,  all 
could  not  be  eliminated.  At  some  points  large  quanti- 
ties of  water  were  encountered  which  had  to  be  re- 
moved by  pumping  or  shut  off  by  stopping  with  grout 


KENSICO  INFLUENT  WEIR  AND  CHAMBER  WHERE  THE  CATSKILL  ENTERS  KENSICO  RESERVOIR. 

BEGINS  AT  THE  LEFT  SIDE  OF  THE  CHAMBER 


THE  KENSICO  BY-PASS  AQUEDUCT 


surface,  a  simple  type  of  head-frame  was  erected  for  the 
hoisting  machinery,  and  both  men  and  materials  were 
lowered  into  and  lifted  from  the  shaft  by  means  of  steel 
buckets  hanging  at  the  end  of  a  wire  rope.  When  the 
shaft  had  been  sunk  to  tunnel  level,  a  more  substantial 
head-frame  was  set  up  and  elevators  were  installed  for 
greater  rapidity  and  safety  of  operation  during  the  driv- 
ing and  lining  of  the  tunnel. 

Methods  of  excavating  grade  and  pressure  tunnels 
were  similar.  All  tunnels  are  of  such  large  dimensions 
that  the  rock  was  removed  by  two  operations.  Usually 
the  upper  part  of  the  tunnel  was  driven  first  as  a  head- 
ing and  the  lower  portion  removed  as  a  bench,  but  in 
a  few  cases  the  lower  part  was  taken  out  first.  Drills, 
operated  by  compressed  air,  were  used  for  driving  ap- 

122 


the  crevices  in  the  rock.  In  some  places  the  rock  was 
not  sufficiently  sound  to  form  secure  walls  and  roof  and 
had  to  be  supported.  Much  of  this  support  was  of  wood 
and  was  removed  as  the  concrete  lining  progressed ; 
but  in  the  grade  tunnels  some  wooden  support  was  left 
in  place,  and  in  the  pressure  tunnels  permanent  steel 
support  was  necessary  for  short  stretches. 

In  lining  grade  tunnels  the  side  walls  and  arch  were 
completed  first,  and  then  the  bottom  of  the  tunnel  was 
cleaned  out  and  the  invert  placed  as  the  construction 
tracks  were  removed.  When  completed,  there  is  little 
to  indicate  on  the  surface  of  the  ground,  even  at  the 
portals  thru  hills,  that  a  tunnel  has  been  constructed. 

In  lining  pressure  tunnels  the  invert  was  constructed 
first,  upon  which  semicircular  steel  forms  were  erected 
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for  the  remainder  of  the  lower  half  of  the  lining.  Hav- 
ing completed  the  lower  half,  or  side  walls,  similar 
forms  were  set  for  the  upper  half,  or  arch.  In  some 
cases  side  wall  and  arch  forms  were  carried  along  to- 
gether and  concrete  placed  in  adjacent  sections  simul- 
taneously. There  are  24  grade  tunnels,  aggregating  14 
miles,  and  seven 
pressure  tunnels 
north  of  the  city, 
totaling  17  miles. 

Of  all  the  pres- 
sure tunnels,  the 
Hudson  River 
crossing  has  a  t  - 
tracted  most  inter- 
est, undoubtedly  be- 
cause its  site  is  so 
familiar.  In  order 
to  construct  the 
connecting  shaft 
and  tunnel  in 
Breakneck  Moun- 
tain, on  the  east 
side  of  the  Hudson, 
the  contractor  laid 
an  inclined  railway 
up  the  side  of  the 
mountain.  The  en- 
trance to  the  grade 
tunnel  thru  Break- 
neck Mountain  is 
now  marked  by  a 
small  granite  build- 
ing 414  feet  above 
the  river.  Since 
the  east  shaft  is 
utilized  not  only  as 
a  waterway,  but 
also  for  drainage 
and  access,  and 
since  its  top  is  410 
feet  below  the  hy- 
draulic gradient  of 
the  aqueduct,  it  was 
necessary  to  close 
it  against  this  enor- 
mous water  pres- 
sure with  a  cover 
which  could  be  con- 
veniently removed, 
of  sufficient  size  to 
permit  the  intro- 
duction of  the  pumping  apparatus  used  for  unwatcring 
pressure  tunnels.  This  cover  is  a  cast-steel  dome,  in  one 
piece,  weighing  nearly  50  tons,  and  is  held  in  place  on  a 
cast-steel  curb  ring  by  36  tempered  nickel-chrome  steel 
bolts,  Ayi  inches  in  diameter,  50  feet  long,  extending 
down  in  the  concrete  lining  of  the  shaft  to  a  cast-steel 


PRESSURE  TUNNEL:  (I)  DRILLING  TUNNEL  "HEADING"  AND  "BENCH":  (i) 
LOADING  DYNAMITE  INTO  THE  HOLES;  (J)  REMOVING  THE  "MOCK";  (4)  HAULING 
"MUCK"  OUT  AND  CONCRETE  IN;  (J)  PLACING  CONCRETE  LINING  AROUND  STEEL 
PORMS;  AND  (•)  GROUTING  CREVICES  IN  THE  ROCK  HACK  OP  THE  LINING 


anchor  ring.  In  order  that  the  joint  may  be  watertight 
with  changes  of  length  of  the  bolts  due  to  changes  of 
temperature,  the  bolts  are  stressed,  each  time  the  cover 
is  put  on,  with  hydraulic  jacks,  So  that  they  always 
pull  the  cover  against  the  curb  ring.  The  water  pres- 
sure on  the  cover  is  180  pounds  per  square  inch,  mak- 
ing the  incessant 
lifting  force  4,000,- 

000  pounds,  and  yet 
this  joint,  50  feet  in 
circumference,  is  as 
tight  as  a  cork  in  a 
bottle.  This  cover 
has  been  placed  and 
removed  several 
times  successfully. 

For  the  city  tun- 
nel shafts  it  was  re- 
quired that  the  tem- 
porary structures 
Ik-  as  compact  and 
neat  as  practicable ; 
the  one  near  City 
College  i  s  typical. 
In  Brooklyn  and 
the  lower  east  side 
of  Manhattan  the 
rock  was  at  such 
depths  below  the 
surface  of  the 
streets  (65  to  146 
feet),  and  also  so 
far  below  ground- 
water level,  that 
these  shafts  could 
not  be  started  in  the 
ordinary  way.  In- 
stead, the  concrete 
lining  of  the  shaft, 
heavily  reinforced 
with  steel  rods,  was 
built  i  n  advance 
above  ground,  like 
a  tower,  and  sunk 
as  a  caisson  by  ex- 
c  a  v  a  t  i  n  g  from 
within,  compressed 
air  being  used  be- 

1  o  w  water  level. 
The  bottom  of  each 
caisson  went  a  few 
feet  into  the  rock 

and  was  tightly  sealed  thereto.  Afterward  shaft  con- 
struction proceeded  in  the  usual  way. 

In  the  midst  of  the  city  extraordinary  precautions 
were  demanded  in  handling  the  dynamite  necessary 
for  tunnel  driving.  As  soon  as  each  shaft  had  been  sunk 
and  the  tunnel  started,  a  magazine  chamber  was  ex- 
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cavated  at  one  side  of  the  tunnel  and  guarded 
by  a  door  of  special  construction,  so  arranged 
that  it  would  close  instantly  in  case  of  an  ex- 
plosion within  the  magazine,  thus  preventing 
the  force  of  the  explosion  and  the  objectionable 
fumes  from  reaching  the  tunnel  or  the  streets 
above.  During  three  years  of  active  tunnel 
driving  10,000  pounds  of  dynamite  were  used 
day  after  day  without  serious  accident. 

For  constructing  the  city  tunnel,  25  shafts 
were  required,  ranging  in  depth  from  200  to 
750  feet,  the  latter  being  as  deep  as  Woohvorth 
tower  is  high.  The  shallowest  shafts  are  in  the 
central  part  of  Manhattan  and  the  deepest  in 
the  lower  East  Side.  These  shafts  were  re- 
quired not  only  for  constructional  purposes, 
but  also  as  waterways  from  the  tunnel  to  the 
distribution  pipes.  Consequently  their  lower 
portions  were  lined  with  concrete  and  the  upper 
portions,  from  a  depth  of  at  least  100  feet  in 
sound  rock,  were  closed  with  concrete  plugs,  in 
which  were  imbedded  one  or  two  steel  pipes 
lined  with  concrete  so  as  to  form  waterways  48 
inches  or  72  inches  in  diameter. 

At  the  bottom  of  each  pipe  is  a  riser  valve, 
which  can  be  operated  from  the  chamber,  for 
shutting  off  the  flow  of  water  in  the  event  that 
other  means  of  stopping  flow  have  failed  in 
some  exigency,  or  must  be  removed  for  repairs. 
These  valves  are  also  intended  to  close  auto- 
matically in  the  event  of  a  break  above  causing 
a  great  flow  of  water.  The  special  casting  at 
the  top  of  each  riser  is  known  as  a  shaft  cap 
and  is  of  bronze,  as  are  the  two  valves  bolted  to 
it.  At  the  top  of  each  shaft,  under  the  street  or 
park  surface,  is  a  large  concrete  chamber  con- 
taining the  connections,  controlling  valves,  and 
meters.  Waterways  and  means  of  shutting  off 
the  water  arc  of  the  most  permanent  materials 
— masonry  or  bronze,  or  steel  imbedded  in 
masonry — from  the  tunnel  to  and  including  the 
valves  bolted  directly  to  the  shaft  caps.  Pos- 
sibility of  interruption  of  the  flow  of  water 
from  any  shaft  is  thus  minimized.  The  rela- 
tions between  tunnel,  shaft,  and  street  pipes  and  the 
buildings  above  are  well  illustrated  by  the  panorama  at 
Madison  Square. 

In  crossing  the  Narrows,  a  deep  trench  was  first 
excavated  by  dredges  and  then  the  pipe  was  laid,  begin- 
ning at  the  Brooklyn  shore,  by  means  of  a  powerful 
derrick  boat,  specially  equipped,  carrying  suspended 
from  its  bow  a  hinged  bridge  which  extended  to  the 
bottom  of  the  trench  on  a  curve  that  could  readily  be 
assumed  by  the  pipe  line  as  the  pipes  were  put  together. 
The  inside  of  the  bell,  or  socket,  of  each  pipe  was 
ground  and  polished  to  a  mirror-like  surface,  accurately 
spherical.  Into  the  space  between  it  and  the  spigot  end 
of  the  next  pipe  molten  lead  was  poured,  and  after  this 
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SECTIOSS  OP  A  TYPICAL  SHAFT  AND  CHAMBER  OP  THE  CITY  TUNNEL,  WITH 
DETAILS  OP  A  RISER  VALVE  AND  SHAFT  CAP 

lead  had  chilled  and  shrunk,  the  slight  space  resulting 
was  filled  by  forcing  in  slugs  of  cold  lead  through  32 
holes  drilled  around  the  bell  of  the  pipe.  For  forcing 
in  these  slugs  special  steel  screws  were  used,  driven 
by  quick-acting  devices.  In  this  way  a  joint  was  se- 
cured which,  while  retaining  its  watertightness,  would 
permit  the  required  movement  and  allow  the  pipe  line 
to  adjust  itself  to  a  bearing  on  the  bottom  of  the  trench. 
Immediately  after  completion,  tests  showed  that  this 
pipe  line,  10,300  feet  long,  with  joints  every  12  feet, 
under  a  pressure  of  130  pounds  per  square  inch,  leaked 
5,V'>  gallons  per  minute;  and  a  few  months  later,  under 
service  pressure  of  100  to  110  pounds,  a  40-day  test 
gave  an  average  total  leakage  of  yA  gallon  per  minute — 
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LAYING  THE  NARROWS  SIPHON  PROM  BROOKLYN  TO  STATEN  ISLAND.  AT  THE  LEFT  IS  TUB  CLAM  SHELL  DREDGE  BOAT  WITH 
ITS  SCOWS  AND  AT  THE  RIGHT  THE  PIPE-LAYING  BARGE  AND  THE  SUBMERGED  BRIDGE  USED  TO  SUPPORT  THE  PIPE-LINE  AS  IT 
WAS  PUT  TOGETHER.  THE  BAROE  AND  BRIDGE  WERE  MOVED  FORWARD  AS  THE  PIPES  WERE  ADDED  TO  THE  LINE  SO  THAT  THE 
PIPE  LINE  WAS  PAID  OUT  LIKE  A  CHAIN  INTO  THE  BOTTOM  OP  THE  TRENCH.  SUBSEQUENTLY  THE  PIPE  WAS  COVERED  OVER 
WITH  SAND  AND  GRAVEL 


truly  remarkable!  This  pipe  was  covered  with  sand  and 
gravel  to  a  depth  of  8  feet  to  protect  it  from  injury  by 
anchors  or  foundering  vessels  and  other  possible  causes 
of  damage.  A  second  pipe  line  will  be  needed  to  con- 
vey the  total  supply  required  by  Staten  Island  and 
provide  against  possible  interruption. 

WELFARE  AND  POLICE 

Welfare  work  for  the  forces  of  the  Board  and  its 
contractors  received  constant  attention.  So  far  as 
practicable,  camps  were  located  outside  of  watersheds 
used  as  sources  of  water  supply.  Where  this  could  not 
be  accomplished,  purification  works  for  the  wastes  and 
vigilant  patrols  were  used  to  prevent  pollution.  With 
few  exceptions,  all  garbage  and  excreta  were  incin- 
erated and  drainage  chemically  treated  or  filtered,  or 
otherwise  safely  disposed  of.  Each  contractor  was  re- 
quired to  maintain  competent  physicians,  trained 
nurses,  and  adequate  hospitals,  and  to  examine  all  em- 
ployes before  admitting  them  to  camp. 

To  make  life  more  agreeable  for  the  men  and  help 
them  to  self-betterment,  especially  in  the  larger  camps, 
evening  schools,  clubs,  amusements,  Young  Men's 
Christian  Association  quarters,  and  other  facilities  were 
provided.  In  some  instances  prizes  were  offered  for 
the  best  garden.  Day  schools  were  maintained  for  the 
children.  In  one  camp  a  post-office  and  a  bank  were 
established.  Most  camps  had  general  stores  or  com- 
missaries.   Usually  camps  were  on  lands  provided  by 


the  city,  and  undesirable  camp  followers  and  intoxi- 
cating liquors  were  excluded.  Little  trouble  arose  in 
any  of  the  regular  camps.  Such  troubles  as  did  occur 
were  chiefly  in  the  "  outside  "  camps,  over  which  neither 
the  city  nor  its  contractors  had  control,  on  land  rented 
by  irresponsible  parties  from  local  citizens  whose  desire 
for  profit  overcame  their  sense  of  morality  and  public 
decency. 

A  commendable  record  was  made  for  orderliness 
and  healthfulness.  No  epidemic  occurred  among  the 
laborers  nor  in  any  community  in  which  laborers  con- 
nected with  the  work  were  quartered,  nor  in  com- 
munities on  whose  watersheds  camps  were  situated. 
As  a  result  of  this  attention  to  the  human  side  of  con- 
struction and  of  the  influence  of  the  camp  schools,  in 
which  the  men  were  instructed  in  the  English  lan- 
guage and  American  institutions,  a  better  class  of 
laborers  was  secured  and  there  were  no  strikes. 

Just  as  the  Board  of  Water  Supply  was  beginning 
its  work,  the  Legislature  passed  a  law  requiring  the 
Board  to  create  a  police  force  for  the  maintenance  of 
law  and  order  in  the  camps  and  for  the  protection  of 
communities  in  or  near  which  work  was  to  be  done. 
This  force  was  uniformed  and  organized  on  lines  some- 
what similar  to  those  of  the  city  police,  with  suitable 
modifications  for  rural  conditions.  It  reached  a  maxi- 
mum of  387.  Most  of  the  men  were  on  foot,  but  there 
was  a  mounted  squadron  for  special  duties,  and  some 
of  the  men  were  equipped  with  bicycles  and  a  few  with 
motorcvcles. 
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ADVANTAGES  AND  COST  OP  SYSTEM 

One  great  advantage  of  the  Catskill  water  supply 
is  that  its  reservoirs  in  the  mountains  are  at  such  ele- 
vations that  the  water  can  flow  to  the  city  by  gravity 
and  be  delivered  at  such  pressures  that  it  will  rise  with- 
out pumping  to  the  levels  necessary  for  service  in  prac- 
tically all  parts  of  the  city,  in  buildings  of  reasonable 
height. 

It  has  been  estimated  that  pumping,  costing  the 
city  and  private  individuals  approximately  two  million 
dollars  per  annum,  can  be  eliminated.  A  gravity  water 
system,  requiring  but  few  men  for  its  operation  and 
most  of  them  unskilled,  is  but  little  affected  by  rises  of 
wages  or  by  labor  troubles.  This  great  gravity  sup- 
ply, from  which  375,000,000  gallons  daily  have  been 
drawn  for  months,  has  been  of  inestimable  value  to  the 
metropolis  in  this  severe  winter  with  the  scarcity  of 
fuel  caused  by  the  country's  unpreparedncss  for  war- 
time cond  itions. 

Catskill  aqueduct  reaches  all  boroughs  of  the  city 
and  inter-connects  the  other  permanent  supply  and  dis- 
tribution systems  as  has  never  been  done  before. 

The  first  portion  of  this  system  has  been  completed 
within  the  anticipated  time  and  at  less  than  the  expected 
cost.  The  estimated  cost  of  the  entire  work  was  $177,- 
000,000,  to  which  subsequent  legislative  action  added 
$8,000,000,  making  the  total  revised  estimate  $185,000,- 
000.  Disbursements  and  liabilities  to  October,  1917, 
amounted  to  $139,000,000,  and  the  estimated  cost  of 
completing  the  whole  system,  including  $22,000,000  for 
the  Schoharie  project,  is  $37,000,000,  a  total  of  $176.- 
000,000— $1,000,000  less  than  the  engineer's  original 
estimate,  and  $9,000,000  less  than  the  estimate  corrected 
for  expenses  added  by  legislation* 


IN  CONCLUSION 

This  description  of  the  physical  works  which  make 
up  New  York's  Catskill  Mountain  water  system  must 
be  supplemented  by  mention  at  least  of  the  ability  and 
resourcefulness  of  the  contractors,  many  of  them  engi- 
neers, who  wrought  with  the  Board  of  Water  Supply 
and  its  staff,  of  the  ingenuity  of  manufacturers  who 
furnished  materials  and  equipment,  of  the  generosity 
of  engineers  in  many  parts  of  the  country  who  con- 
tributed information  and  suggestions  from  their  ex- 
periences, and  of  the  cooperation  of  city  and  state  offi- 
cials. The  commissioners  of  the  Board  of  Water 
Supply  are  Charles  Strauss,  president;  Charles  N. 
Chad  wick  and  John  F.  Calvin.  J.  Waldo  Smith  has  been 
chief  engineer  from  the  beginning. 

When,  hereafter,  a  citizen  of  New  York  gazes  upon 
beautiful  Kensico  dam  he  must  remember  he  is  enjoy- 
ing the  fruits  of  the  labors  of  many  men.  expressed  by 
this  imposing  structure  as  the  token  of  the  underground 
artificial  river  and  its  lakes  by  means  of  which  water 
from  the  distant  mountains  is  constantly  available  for 
every  use  in  the  homes  and  marts  and  factories  of  the 
metropolis.  And  so  substantially  have  these  works 
been  built  that  they  should  still  be  useful  after  the 
lapse  of  centuries.  But  New  York's  water  problem  has 
not  been  permanently  solved ;  with  continued  rapid 
growth  it  will  soon  be  necessary  to  take  preliminary 
steps  toward  the  next  increment,  for  ten  or  even  twenty- 
years  hence  are  but  as  to-morrow  in  dealing  with  this 
city's  gigantic  public  works. 

•  Important  items  of  such  legislation  were  the  decrease  of 
the  legal  length  of  the  working  day  from  ten  hours  to  eight, 
the  requirements  for  a  special  police  force,  and  the  workmen's 
compensation  act  dealing  with  injuries  and  insurance. 
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BY  WILLIAM  L.  CATTICART 


MY  subject.  "  The  War  on  Land  and  Sea,"  is  almost 
world-wide,  and  in  a  swift  review  only  its  most 
important  points  can  be  treated. 
In  starting,  may  I  express  my  regret  that  severe  lan- 
guage must  be  used  in  characterizing  Germany's  conduct 
of  this  war.  For,  in  this  country,  there  are  many  loyal 
citizens  of  German  birth  or  descent  who  have  our  sym- 
pathy and  respect.  I.iberty-loving  men,  like  Carl 
Schurz  and  Franz  Siegel,  driven  here  from  beyond 
the  Rhine  in  1848,  have  left  an  honored  impress  on  our 
history,  and  they  have  their  successors  among  Americans 
of  German  birth  to-day. 

But  the  Germany  of  the  old  time  which  these  men 
represent — the  land  of  song  and  story,  of  art  and  music, 
of  science  for  noble  ends  vanished  long  ago.  In  its 
place  there  has  arisen  under  Prussian  training  a 
pagan  nation. 

As  to  this,  Otto  Kahn,  the  New  York  banker,  an 
American  of  German  birth,  says : 

''  From  each  successive  visit  to  Germany  for  twenty- 
five  years  I  came  away  more  appalled  by  the  sinister 
transmutation  Prussianism  had  wrought  among  the  peo- 
ple, ami  by  the  portentous  menace  I  recognized  in  it  for 
the  entire  world. 

"it  had  given  to  Germany  unparalleled  prosperity, 
beneficent  and  advanced  social  legislation,  and  not  a  few 
other  things  of  value.  But  it  had  taken  in  payment  the 
soul  of  the  race.    It  had  made  a  '  devil's  bargain.' " 

And  to  Mr.  Kahn's  words  I  may  add  that,  from  the 
beginning,  the  main  [>art  of  that  bargain  was  this  war. 
the  mighty  conflict  which  has  no  parallel  in  history.  For 
more  than  thirty  years  the  Prussian  Government  has  made 
secretly  planned  war  for  world-dominating  aims  the 
chief  industry  of  its  subjects.  To  further  these  aims — 
in  their  political  and  financial  bearing — sinister  German 
intrigue  has  been  active  everywhere.  From  Bagdad  to 
Buenos  Aires  there  is  no  land  now  which  is  not  stained 
by  the  slime  of  German  plotting,  of  German  money  lav- 
ishly spent  for  basely  treacherous  ends. 

The  genesis  of  this  war,  its  atrocious  character,  and 
the  relation  of  the  German  people  to  these  elements  may 
seem  to  have  no  place  in  a  technical  analysis  of  its  mili- 
tary features.  But— as  I  shall  show-  they  have  a  grave 
effect  on  the  war's  duration  and  on  the  peace  terms  which 
it  will  be  necessary  to  impose.  Hence  they  should  be 
considered.  First,  take  the  character  of  German  warfare 
on  land. 


*  Presented  before  the  Philadelphia  Section.  American 
Society  of  Mechanical  F.nRinecrs.  January  22.  1918.  at  the 
Engineers'  Club. 


GERMAN  WARFARE  ON  THE  LAND 

When  its  time  for  action  came,  Germany  lea>»ed  on  a 
world  at  peace  like  a  tiger  from  the  dark.  Into  Belgium 
and  France  she  sent  the  most  savage  and  bestial  annus 
that  ever  dishonored  any  flag.  Xot  content  with  crushing 
the  relatively  weak  military  forces  which  at  first  opposed 
them,  they  assailed  defenseless  womanhood,  dragged  into 
shameful  slavery  the  conquered  peoples,  bombarded  the 
age-old  shrines  of  the  Christ,  and  now,  in  their  slow 
retreat,  they  are  making  of  the  sunlit  fields  of  France  a 
desolation — gray  as  that  of  Pompeii  and  Martinique! 

On  August  26,  1914 — a  month  after  war  l>egan— the 
German  General  Stcnger  issued  this  order  to  bis  brigade: 

"  To  date  from  this  day,  no  prisoners  will  be  taken. 
.  .  .  The  wounded,  whether  armed  or  defenseless, 
will  be  executed.  .  .  .  Not  a  man  will  be  left  alive 
behind  us." 

This  is  not  warfare,  but  murder.  The  similar  mur- 
ders of  unarmed  civilians  -old  men  and  women,  youths, 
and  little  children — are  numbered  by  thousands  in  Bel- 
gium and  France.  In  sixteen  places  there  were  shot  or 
bayoneted  3358  of  these  inoffensive  people,  of  both  sexes 
and  ranging  in  age  from  three  weeks  to  77  years. 

In  an  official  report  to  the  United  States  Govern- 
ment, Brand  Whitlock  says: 

"  In  the  awful  crime  of  the  Rock  of  Bayard  over- 
looking the  Meuse  l>elow  Dinant  (where  90  persons  were 
killed),  infants  in  their  mothers'  arms  were  shot  down 
without  mercy.  The  deed  never  has  been  surpassed  in 
cruelty  by  any  band  of  savages." 

The  Belgian  Consul  at  Baltimore  estimates  that  at  least 
100,000  Belgians  have  l>ecn  torn  from  their  homes  and 
deported  as  slaves  to  Germany.  Thirty  thousand  of  the 
population  of  Lille  and  the  north  of  France  were  simi- 
larly dc|>orted  and  enslaved.  The  German  official  procla- 
mation at  Lille  reads: 

"  All  the  inhabitants  of  this  house — excepting  chil- 
dren under  fourteen,  their  mothers,  and  also  old  people- 
must  pre|>are  themselves  for  transj)ortation  in  an  hour 
and  a  half's  time." 

Germany's  thefts  in  Belgium,  France,  Roumania,  and 
Serbia  have  been  colossal'  Belgium  has  been  stripped 
to  the  bone.  Altho  this  little  country  is  only  about  one- 
fourth  the  size  of  Pennsylvania  and  has  the  same  popu- 
lation. Germany  has  taken  from  it  more  than  two  billion 
dollars  in  cash,  raw  materials,  machinery-,  and  everything 
else  that  was  portable.  Last  winter  147  children  froze 
to  death  every  week  in  Brussels  owing  to  insufficient  cloth- 
ing and  fuel.  This  winter  the  Germans  have  requisitioned 
all  the  remaining  blankets  and  all  the  coal. 
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Again,  Germans  in  retreat  systematically  poison  wells, 
and  defile  all  buildings  they  cannot  destroy.  Their  air- 
planes dropped  poisoned  candy  for  the  children  of 
Roumania.  and  into  that  country  their  diplomats  brought 
the  bacilli  of  glanders  and  anthrax.  They  systematically 
shell  hospitals  and  ambulances,  and  turn  their  machine 
guns  on  stretcher  bearers  carrying  the  wounded.  Up 
to  October  1,  1917,  German  aircraft  in  raids  on  England 
had  killed  outright  865  non-combatant  nun,  women, 
and  children,  and  wounded  over  2500  more. 

And  all  this  is  but  a  rough  sketch  of  Germany's 
methods  in  land  warfare,  which  are  unrestrained  by  law, 
morals,  or  humanity. 

GERMANY'S  SEA  WARFARE 

On  the  sea  the  German  story  is  the  same.  While 
there  have  been  a  few  isolated  instances  of  humanity 
among  their  naval  men,  their  deeds  as  a  whole  in  their 
submarine  campaign  exceed  in  malignant  cruelty  those 
of  the  darkest  days  of  piracy.  The  long  annals  of  the 
deep  hold  no  fit  comparison  with  them. 

During  the  Battle  of  Jutland,  the  huge  dreadnought 
Littzo-a,',  badly  damaged,  was  steaming  too  slowly  home, 
and,  to  keep  her  from  falling  into  British  hands,  she  was 
abandoned  and  torpedoed — sinking  with  300  German 
wounded. 

If  they  do  that  to  their  own,  what  need  other  nations 
expect?  X'othing,  indeed,  but  the  wild  orgy  of  savage 
murder  on  the  high  seas  which  their  submarines  have 
held.  With  sneering  laughter  their  officers  have  sent  to 
death  thousands  of  non-combatant  men,  women,  and  little 
children— whose  bodies  to-night  drift  pitifully  thru  those 
dark  ocean  depths. 

The  dead  in  these  submarine  atrocities  must  number 
at  least  8000  now.  From  four  ships  alone— the  Lusilania, 
Ancona,  Persia,  and  Falaba— 1902  people  were  lost,  and 
since  then  the  toll  has  mounted  steadily. 

From  February  18  to  December  22,  1917,  German  sub- 
marines and  mines  sank  1264  Allied  and  neutral  ships  of 
6,371,000  tons,  total.  Since  war  began  this  total  loss  has  ex- 
ceeded 8,000,000  tons,  or  more  than  one-sixth  of  the  mer- 
chant tonnage  of  the  world  in  1914. 

Taking  this  latter  figure,  and  allowing  one  seaman 
for  every  sixty  tons'  register,  this  riot  of  wrecking  means 
that  about  134,000  merchant  sailors  have  been  either 
drowned,  killed  by  gun  fire,  or  landed — starving,  frost- 
bitten, and  destitute— in  nearby  friendly  ports.  And  this 
does  not  include  passengers. 

Further,  Lord  Lytton,  Civil  I^rd  of  the  Admiralty, 
states  that,  in  the  three  years  ending  with  last  October, 
122  British  vessels  had  been  lost  without  trace.  This 
means  the  "  spurlos  versenkt  "  business— wholesale  mur- 
der— for,  in  peace  times,  the  normal  average  of  missing 
ships  would  have  been  45. 

The  calculating  cunning  of  all  this  is  shown  by  the  fact 
that  from  August  8,  1914,  to  April  26,  1917,  the  Ger- 
mans sank  849  neutral  ships  of  1,653,654  tons,  total.  You 
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see,  Germany  is  running  a  business  war  as  well  as  a 
military  one.  Her  object  is  to  sweep  the  seas  of  foreign 
ships,  so  that,  when  peace  comes,  she  will  lead  in  sea- 
borne commerce. 

On  seven  torpedoed  hospital  ships.  206  people  were 
lost,  including  45  Red  Cross  nurses.  You  know  the  story 
of  the  Belgian  Prince,  sunk  last  July.  The  official  report 
issued  by  the  British  Admiralty  says: 

•'  The  crew  abandoned  the  ship  in  two  boats,  and 
were  ordered  on  to  the  upper  deck  of  the  submarine  by 
the  German  commander.  Under  his  directions,  the  boats 
were  then  smashed  with  axes  and  the  crew  .  .  .  de- 
prived of  their  life-belts.  (Then)  the  hatch  (was)  closed 
(and)  the  submarine  submerged  with  43  men  standing 
on  her  deck.  .  .  .  With  the  exception  of  three,  all 
these  were  drowned." 

WHAT  THIS  WAR  IS 

In  a  technical  and  historical  sense,  a  "  war  "  is  a  con- 
test between  nations  or  states,  waged  according  to  the 
Laws  of  War — that  is,  under  the  limitations  and  usages 
which  international  public  opinion  has,  from  time  to 
time,  imposed. 

If  this  is  true  war,  what  then  is  this  attack  which, 
for  more  than  three  years  of  "  starless  nights  and  hos- 
tess dawns,"  the  German  Empire  has  waged  against  the 
men,  the  women,  the  little  children  of  Europe? 

Its  object  has  been  and  still  is— not  only  to  dominate 
the  world,  but  to  exterminate  little  nations,  and  to  loot 
to  the  bone  all  conquered  lands. 

Bismarck  said:  "  Nothing  should  be  left  to  the  people 
of  an  invaded  nation  but  their  eyes  to  weep  with."  And, 
God  knows,  German  militarism  has  done  all  this  and  more. 

And  so  the  conflict  which  America  has  entered  is 
not  a  "  war  "  in  the  true  sense,  but  a  crusade,  a  struggle 
between  the  massed  forces  of  civilization  and  those  of 
scientific  barbarism — between  humane,  peace-loving  men 
and  beings  who,  tho  human  in  origin,  have  the  lusts  and 
savagery  of  nethermost  hell. 

AMERICA'S  JUDGMENT 

To  the  future  historian  it  will  seem  inexplicable  that 
even  a  mentality  so  dense  as  that  of  Germany's  rulers 
should  assume  that  this  Republic  would  complacently 
endure  all  this :  would  calmly  say  with  Cain :  "  Am  I 
my  brother's  keeper?  ";  would  lie  blind  to  its  own  immi- 
nent danger  if  Germany  won. 

Xol  From  the  moment  those  horrors  began,  from 
the  day  that  Belgium  was  invaded,  the  God  of  Nations 
sounded  a  trumpet  call  to  us.  And  thru  the  weary  years 
since  then — while  the  tortured  air  vibrated  with  the  gasp- 
ing sighs  of  dying  men,  the  shrieks  of  violated  women, 
the  moans  of  wounded  children— that  call  has  grown 
ever  more  insistent. 

And  at  last  America  answered — stirred  to  action  by 
the  noble  ideals  of  its  past,  by  memories  of  the  men  of 
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Valley  Forge  and  Vorktown,  of  Monterey  and  Buena 
Vista,  of  Gettysburg.  Antietani,  and  the  Wilderness. 

And  so,  above  the  snows  of  French  Lorraine,  there 
streams  in  the  winter  wind  a  starlit  Hag.  Guarding  it 
there,  tensely  waiting  its  leadership,  there  are  now  thou- 
sands of  our  gallant  lads — the  very  flower  of  our  young 
manhood  eager  to  give,  if  need  be,  home  and  love  and 
life  itself  for  that  rlag — for  you  and  me. 

And  they  are  but  the  van  of  the  great  army  that  is 
coming.  The  "  Long  Arm  of  America  has  reached  out 
from  valley  and  plain,  across  mountain  and  sea,  to  do 
its  mighty  part  in  smashing  kaiserism. 

THE  KAISERS  RESPONSIBILITY 

As  to  the  Kaiser:  It  is  difficult  to  fix  his  rightful  share 
in  this  deluge  of  blood,  this  world-wide  carnival  of  crime. 
For,  some  well-informed  observers  say  that  the  "  All 
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RESCUED  BY  A  '  TOMMY'-  AT  MASNIERES. 

Highest  "  is  stupid  ;  that  he  is  but  the  dupe  of  the  "  Pots- 
dam Gang,"  the  militarist  ring  about  him. 

Thirty  years  ago  in  the  A'rw  York  Times,  Harold 
Frederic  said  of  him :  "  Apparently,  all  the  women — at 
least  all  the  English  women— who  have  had  to  do  with 
the  bringing  up  of  Prince  William  hold  him  in  horror 
and  detestation.  .  .  .  Their  dislike  for  him  is  based 
on  a  general  conception  of  his  character.  This  view  is 
that  he  is  utterly  cold,  entirely  selfish,  wantonly  cruel : 
a  young  man  without  conscience  or  compassion,  or  any 
softening  virtues  whatever.  .  .  .  He-art  he  has  none, 
uj>on  their  reckoning." 

Later,  his  father,  the  Fmperor  Frederick,  said :  "  He 
careful  of  Wilhelm,  because  he  is  just  as  stupid  as  he  is 
square-headed.  He  has  a  religious  mania,  and  is  full  of 
bigotry  and  conceit." 

Now  let  the  Kaiser  speak  for  himself.  In  his  procla- 
mation in  1914  to  the  Army  of  the  Fast  he  said :  "  The 
spirit  of  the  Lord  has  descended  upon  me  because  I  am 
the  Fmperor  of  the  Germans.    I  am  the  instrument  of  the 


Almighty.  I  am  His  sword,  His  agent.  Let  them  perish, 
all  the  enemies  of  the  German  people!  " 

Of  one  thing,  at  least,  there  can  Ik-  no  doubt:  By 
Article  11  of  the  Imperial  Constitution,  the  Kaiser  has 
the  sole  right  to  declare  war.  Hence,  as  the  man  who 
started  this  conflict,  he  has  had  his  wish,  in  that  the  so- 
called  "  enemies  of  the  German  people  "  have  fallen  in 
millions. 

His  mute  accusers  are:  that  graveyard  which  is  Bel- 
gium ;  the  forest  of  white  crosses  studding  thickly  the 
sunlit  fields,  the  wooded  hills  of  France,  and  the  low-lying 
plains  of  Flanders:  the  countless  mounds  in  Italy,  in 
Germany  and  Austria  ;  and  the  vast  multitude  of  unburit-d 
dead,  stretching  down  the  Balkan  peninsula  and  far 
eastward  to  Bagdad. 

The  killed  among  the  combatant  forces  of  both  sides 
average  at  least  three  men  a  minute,  night  and  day.  dur- 
ing the  forty-two  months  of  this  war.  The  severely 
wounded — those  permanently  disabled — are  probably  one- 
half  as  many.  And  these  are  conservative  figures.  Some 
estimates  are  much  higher. 

And  this  is  not  all.  Indeed,  in  its  iniquity,  the  death 
of  these  six  million  men  is  far  from  being  the  chief  crime 
of  the  Kaiser.  These  men  met  as  soldiers  the  fate  they 
dared  :  they  fell  in  battle,  slain  by  the  foes  they  strove 
to  kill.  But,  what  of  the  non-combatants — the  old 
men.  the  frail  women,  the  little  children? 

Only  the  God  of  the  helpless  knows  the  Kaiser's  toll 
of  death  on  these  weak  folk  within  his  lines — who  have 
died,  and  arc  dying,  by  massacre,  by  starvation,  by  illness 
from  want  and  exposure,  or  by  disease  deliberately  propa- 
gated by  their  inhuman  captors. 

These  victims  number  millions  now.  Beside  the  first 
brutal  killings  in  Belgium,  the  repatriated  deportes  there 
are  mainly  dying  men,  and.  despite  such  outside  relief 
as  is  possible  now,  its  people  are  half  famished.  Tears 
filled  Herbert  1  loover's  eyes  when  Belgian  children,  weak 
with  hunger,  feebly  sang  "  The  Star  Spangled  Banner." 

Poland's  sufferings  have  been  even  worse  than  those 
of  Belgium.  Except  new-born  infants,  there  are  no  chil- 
dren under  seven  years  of  age  alive  there  now.  Famine 
and  disease  stalk  hand  in  hand  thruout  its  whole  extent. 
"  Warsaw  is  dying,'"  says  a  recent  press  report. 

The  dead  in  the  Armenian  atrocities  were  more  than  a 
million,  including  all  the  men  of  the  race.  There  are 
more  than  400.000  orphans.  There  and  in  Syria,  two 
and  a  half  millions  are  starving. 

As  to  Serbia:  It  is  estimated  that  one-fourth  of  the 
population  has  already  perished  from  war  and  privations 
of  every  kind.  An  observer  there  writes  of  "  that  terrible 
migration  that  killed  its  tens  of  thousands  on  the  lime- 
stone mountains,  in  the  scrub  oak  and  the  drifting  snow." 

THE  GUILT  OF  THE  GERMAN  PEOPLE 

But  what  of  the  German  nation?  Has  it  no  share 
in  this  blood-guiltiness  ? 

The  assumption  that  the  German  people  have  little 
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or  no  responsibility  for  this  conflict,  and  that  hence  we 
are  not  at  war  with  them  but  with  their  government  only, 
may  be  wise  statesmanship  as  an  aid  to  Cierman  liberalism. 
But  the  actual  conditions  appear  to  give  it  little  support. 

The  most  vital  and  powerful  element  of  the  (ierman 
people  to-day  is  their  armies  in  the  field.  In  his  heart, 
the  Kaiser  dreads  those  armies  more  than  he  does  his 
Allied  foes,  for  it  is  these  six  million  virile  men  who— 
maddened  by  the  war's  failure  may  force  revolution  in 
Germany  when  |wace  comes. 

Now,  it  is  not  the  (ierman  Government— the  Kaiser, 
his  military  and  civil  staffs — that  perpetrated  the  out- 
rages and  murders  which  have  shocked  the  world.  But  it 
is  these  armies  in  the  field,  these  soldiers  who  virtually 
represent  the  German  people  of  to-day.  that  arc  the 
actual  culprits. 

To  plead  that  these  representatives  of  the  Cierman 
people  were  ordered  to  commit  these  crimes,  and  were 
joined  in  them  by  their  officers,  is  futile. 

In  the  first  place,  there  are  not  nunc  than  400,000 
officers  in  these  armies,  and  they  could  be  readily  defied 
by  the  concerted  action  of  their  men.  And,  secondly,  any 
officer  of  the  I'nitcd  States  Army  or  Xavy  who  did  the 
unthinkable  and  gave  such  orders  to  his  men  would  be 
hanged  by  those  men  on  the  nearest  tree.  And  this  is  true 
of  the  armies  of  our  .Allies. 

Surely  this  Republic  is  at  war  with  people  guilty  of 
such  deeds.  A  part  of  the  mission  of  our  army  in  France 
is  to  force— not  vengeance — but  retributive  justice  and 
condign  punishment  for  these  crimes.  Kvery  American 
soldier  who  falls  there  will  die  at  the  hands  of  representa- 
tives of  the  (Ierman  people. 

As  to  their  responsibility  for  the  origin  of  this  war: 
1  need  only  point  out  that  the  vast  military  ami  naval 
expansion  of  the  last  ten  years  had  the  enthusiastic  sup- 
port of  the  whole  German  nation.  These  people  knew 
that  all  this  meant  aggressive  war  the  moment  their  time 
to  strike  came.  They  knew  well  the  atrocious  kind  of 
warfare  their  armies  had  waged  in  the  |>ast.  And  they 
could  not  but  expect  that  even  this  black  depravity  would 
be  surpassed  in  the  war  which  was  to  come.  So  far 
as  their  thinking  men  were  concerned,  this  war  was  a 
nation-wide  conspiracy. 

Further,  these  same  people,  from  noble  to  peasant, 
went  wild  with  joy  when  "  The  Day  "  came  and  \var 
began.  From  the  beginning  they  gloried  in  it  and  gloated 
over  their  seeming  success.  They  have  ceaselessly 
acclaimed  their  ruthless  leaders— Hindenburg.  Luden- 
dorff.  Tirpitz,  and  Zeppelin— and  to-day  they  are  wholly 
devoted  to  their  Kaiser. 

Sydney  Brooks  says:  "  Americans  declare  that  they 
arc  not  at  war  with  the  German  people.  The  Allies  know 
that  the  German  rulers  and  their  subjects  are  one,  and 
that,  to  be  at  war  with  either,  is  to  be  at  war  with  both." 

As  to  the  plea  of  their  pre-war  ignorance,  the  mono- 
graph, "  (ierman  War  Practices."  issued  by  our  Com- 
mittee on  Public  Information,  says:  "  Before  the  war  the 
average  number  of  volumes  concerning  war.  published 


each  year  in  Germany,  was  700,  and  the  majority  of  those 
written  by  German  army  officers  advocated  the  ruth- 
less |>olicy  of  von  Clausewitz.  von  Hartmann,  and 
von  Moltkc." 

And.  further,  any  anthology-  such  as  William 
Archer's  Gems  of  German  Thought  "—will  show  that 
this  literary  product  was  fairly  general,  and  not  due 
wholly  to  military  authors. 

It  is  possible  to  select  from  the  pre-war  writings  of 
German  |»astors  and  professors  of  standing  quotations 
showing  approval  of  the  chief  elements  of  the  German 
creed:  their  supcrmanhood.  their  right  to  world  domin- 
ion, the  wisdom  of  Machiavellian  diplomacy,  their  war- 
worship,  and  the  righteousness  of  ruthlessness  in  war. 

Apparently  the  only  |>ossible  plea  for  the  German 
IKopIc  is  that  they  have  been  subjected  to  evil  training 
thru  long  years. 

Of  the  docility  of  thought,  the  intellectual  enslavement 
of  the  German  masses,  there  can  be  no  doubt.  These 
characteristics  have  been  bred  in  the  bone  of  these  |>cop1c 
by  centuries  of  internal  war,  of  grinding  oppression  by 
their  feudal  lords.  Their  open  cannibalism  from  star- 
vation, their  legalized  polygamy  from  war's  depopulation 
both  in  the  seventeenth  century  are  historic  indications 
of  the  (ierman  peasant's  heritage  of  fear. 

And  for  more  than  forty  years  their  rulers,  with  devil- 
ish cunning,  have  utilized  this  fear,  this  mental  docility,  to 
advance  their  evil  ends.  By  their  system  of  state  edu- 
cation- which  made  all  teachers  their  tools— they  have 
tempted  every  base  instinct  of  these  people  -their  vanity, 
their  greed  for  power  and  wealth,  their  falsehood  and 
treachery,  their  moral  foulness. 

Against  this  plea  of  evil  training,  several  contentions 
may  be  advanced : 

h  irst  —  The  German  people  arc,  as  a  whole,  unusually 
well  educated.  Their  strident  boasts  of  culture  have  been 
heard  the  world  around.  This  knowledge  brings  with  it 
the  power  of  discrimination  between  good  and  evil. 

Second.  Fvery  human  being  has  a  conscience— dead- 
ened or  active— to  warn  him  of  wrong-doing. 

Third. — The  German  rulers,  in  tempting  these  people, 
were  agents  of  Satan,  and  the  devil  is  no  more  active  in 
Germany  than  he  is  elsewhere.  Conscience  is  the  weapon 
against  him. 

Hence,  with  their  unusual  knowledge  and  their  inher- 
ent consciences,  they  were  well  equipped  to  resist  the 
evil  training  of  their  rulers — as  their  forefathers  of  1848 
did.  And  they  had  the  example  and  the  literature  of  the 
world  to  aid  them  in  developing  a  righteous  nation. 

But  these  advantages  seem  to  have  been  thrown  wil- 
fully aside,  and  Germany  became— and  is— a  wholly 
materialistic  nation,  whose  cult  is  "  Might  is  right."  As 
this  war  has  so  terribly  shown,  these  people  arc  less  im- 
moral  than  unmoral. 

All  of  this  has  a  very  practical  bearing  on  the  war's 
duration  and  on  the  character  of  the  peace  terms  which 
should  be  imposed.    These  people  believe  not  only  that 
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they  are  supermen  hut  that  only  autocracy — the  complete 
submission  of  the  subject  to  his  government— could  have 
made  an  aggregation  of  weak  and  warring  states  into  the 
great  German  Empire  of  to-day. 

While  they  cherish  these  conceptions  the  war  will  go 
on  as  long  as  they  have  guns  and  men  to  fight  it.  The 
only  cure  for  these  ideas  is  overwhelming  military  defeat. 
Without  that,  revolution  or  a  peaceful  democracy  seem 
vain  hopes. 

Louis  Raemaekers— the  Dutch  cartoonist  whose  mor- 
dant wit  has  bit  deep  into  the  real  meaning  of  this  war — 
says:  "  If  all  the  Hohenzollcrn  dynasty  should  die  to-day, 
and  Scheidemann  or  even  Liebknecht  should  become  presi- 
dent of  a  German  Republic  to-morrow,  it  would  not  alter 
Germany.  Germany  is  an  idea.  The  modern  German 
has  been  insistently  and  methodically  taught  that  he  is  a 


LOOKING     AT    GERMAN    LINES  —  BRITISH    TRENCHES  NEAR 
BILOIAN  COAST. 


su|>crman,  chosen  by  God  to  impose  his  will  everywhere. 
He  never  doubts  it.  .  .  .  The  world  must  go  on 
beating  him  over  the  head  until  he  cries  '  Knough ! ' 
( Otherwise,  the  world  can  never  live  with  him." 

As  to  the  material  benefit  of  an  autocratic  government 
to  such  people  as  these  Germans,  Prof.  Kuno  Franckc,  of 
Harvard  University  a  man  of  German  birth — denies  that 
President  WiNon  is  right  in  assuming  that  even  the  direst 
defeat  will  turn  Germany  from  its  ideals  or  its  methods. 
On  the  contrary,  he  asserts  that  no  matter  how  much  she 
is  humiliated  and  hurt  by  the  war— no  matter  how  great 
her  punishment  the  people  will  not  give  up  their  system 
of  government  by  experts,  and  the  willing  submission  of 
the  subject  to  "  the  good  of  the  state." 

Apparently,  what  we  call  "  Lilxrrty  "  has  no  meaning 
or  value  to  these  people  as  a  whole.  On  the  contrary,  all 
but  a  small  fragment  of  them  prefer  the  material  benefits 
which  an  autocratic  government  gives.  As  the  situation 
is  to-day,  rather  than  become  honest  and  respected  mem- 
bers of  international  society,  they  prefer  their  share  of 
their  "  devil's  bargain  " — their  riches,  their  power,  their 
loot,  their  murder  and  rapine.    If  they  do  not  change, 
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the  drafting  of  peace  terms  for  their  full  restraint  will 
be  a  very  complex  problem.  And  without  such  terms  the 
"  next  war  "  they  dream  of  will  become  a  certainty. 

PROGRESS  OF  THE  WAR 

Now  let  us  consider  briefly  the  present  state  of  the  war. 

In  this  hasty  review  we  need  consider  only  the  Western 
Front,  since  it  is  there  that  the  issue  will  be  decided, 
despite  the  collapse  of  Russia  and  Italy's  titanic  battles 
among  the  mountain  j>eaks.  The  reason  is,  that  it  is  on 
the  west  that  the  French,  British,  and  American  armies 
arc  fighting,  and  Germany  must  defeat  those  armies  to 
win  the  war. 

The  war  in  the  west  may  be  divided  generally  into 
three  great  stages:  First,  the  struggle  of  the  Allies  for 
existence;  second,  their  fight  for  time  to  prepare;  third, 
their  slow  but  sure  progress  to  victory,  beginning  more 
than  a  year  ago. 

On  the  map.  the  lower  and  western  line  shows  the 
farthest  advance  of  the  invaders.  It  is  a  grisly  trail  of 
slaughter  and  destruction,  stretching  thru  Liege,  Louvain. 
Brussels,  Namur,  Lille,  Amiens,  and  at  Ligny  reaching 
to  within  eighteen  miles  of  Paris. 

A  month  after  war  began,  JofTre  made  his  stand  at  the 
Marne.  and  the  Germans  were  driven  back  to  a  battle  line 
475  miles  long,  stretching  from  the  North  Sea  to  Switzer- 
land. This  is  the  middle  line,  which  was  held  from 
October.  1914,  to  June,  1916. 

Then  the  long  struggle  of  the  Allies  for  existence  and 
preparation  was  ended,  and  their  offensive  began  on 
July  1.  1916. 

As  the  result  of  this  offensive  on  the  Sommc  and 
the  Ancre,  and  of  later  battles,  the  Germans  have  been 
forced  to  retire  to  the  extreme  inner  line,  which  is  the 
lighting  front  to-day. 

The  Allies  have  as  yet  regained  but  little  territory. 
However,  war  maps  are  very  transient  and  deceiving 
things.  It  is  not  the  land  won  that  counts,  but  the  magni- 
tude of  enemy  casualties.  So  the  chief  aim  of  the  Allies 
has  been — as  they  bluntly  put  it  — "  to  kill  Germans."  The 
•war  may  yet  be  ended  by  a  decisive  battle  on  the 
present  front. 

Near  the  northern  end  of  the  line  are  Ypres  and  the 
Yser  River— the  scene  of  the  never-ending  drives  for 
Calais.  Below  it  lies  Cambrai — near  which  occurred  that 
theoretically  impossible  but  practically  successful  "  Battle 
of  the  Tanks."  At  the  elbow  of  the  line  and  between 
La  Fere  and  I-aon  is  the  Chemin  des  Dames,  that "  Ladies' 
Way  "  which  the  French  won  by  such  dogged  fighting. 
Far  to  the  eastward  lies  immortal  Verdun.  East  of  it, 
near  Luneville,  are — according  to  German  reports — 
General  Pershing  and  his  men. 

There  are  two  great  battles  which  project  monu- 
mentally above  all  the  fighting  of  these  three  terrible  years. 
The  progress  of  the  Allies  to  victory  began  with  the  Battle 
of  the  Sommc,  of  which  their  later  operations  on  the 
Ancre  were  a  continuation.    In  this  offensive  the  Gcr- 
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mans  were  forced  to  yield  much  territory,  with  a  loss  of 
570,000  men — killed,  wounded,  and  prisoners.  Further, 
in  the  four  months'  main  offensive  hy  the  Germans  against 
Verdun  they  failed  with  a  loss  of  415,000  men.  In  subse- 
quent operations  there  they  have  lost  185,000  more — a 
total  of  600,000.  Thus,  in  both  offense  and  defense.  Ger- 
man military  power,  exerted  to  the  full,  was  beaten. 

These  two  operations — the  Sonime  and  Verdun — were 
epoch-making.  The  arrogant  German  belief  was  that  their 
armies  were  irresistible  and  Verdun  showed  them  the 
falsity  of  that.    Then  they  thought  their  lines  impreg- 


October,  1917,  the  British  were  facing,  on  their  120-mile 
front,  nearly  half  the  German  armies  on  the  western  front, 
with  an  average  of  4600  enemy  rifles  per  mile,  as  against 
1900on  the  321-mile  French  front. 

The  Belgians  hold  a  line,  16  miles  long,  from  the  sea 
southward.  These  heroic  troops — now  a  well-equipped 
force,  200,000  strong — have  not  lost  a  foot  of  ground  since 
they  made  their  stand  there  in  October.  1914.  and  rolled 
back  the  German  horde  from  the  road  to  Calais. 

In  Flanders  the  British,  aided  by  the  French,  have 
gained  almost  complete  control  of  the  Paschendaele  Ridge. 


BATTLE  OF  FLANDERS:  SCENE  NEAR  YPRES. 


nablc;  that — safe  in  their  trenches  in  the  Promised  Land 
— they  could  wait  until  a  worn-out  foe  gave  them  victory 
or  a  German  peace. 

But  that  dream  faded  when  they  were  blasted  from 
those  trenches  on  the  Somme  and  the  Ancre  by  a  flaming 
torrent  of  shell,  fired  from  more  and  heavier  guns  than — 
With  utmost  effort — they  could  bring  to  bear.  The  mighty 
thunder  of  those  French  and  British  guns  rang  the  knell 
of  German  military  supremacy  in  France. 

The  fighting  in  Flanders — at  the  Yscr  and  around 
Vpres — has  been  titanic  and  ceaseless.  Its  intensity  is 
indicated  by  Ian  Hay's  diagram,  which  shows  that,  in 


Their  object  like  their  desperate  and  successful  battles 
for  V'imy  Ridge  and  Messines-has  been  to  win  the  only 
high  ground  in  the  sector  of  attack. 

The  reason  is,  that  observation  of  artillery  fire  is 
vital  to  success  in  such  warfare.  Now,  aircraft — valuable 
as  they  arc — are  still  of  less  service  in  observation  than 
the  full  view  of  the  field  from  a  commanding  height.  The 
Paschendaele  Ridge  is  150  feet  high,  and  from  it  the 
plains  of  Flanders  can  be  seen  for  miles  to  the  eastward. 

This  ridge  is  most  important  to  the  Germans  for 
several  reasons:  for  their  hold  of  northern  Belgium  and 
the  submarine  base  at  Zeebrugge.  and  as  the  northern 
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etui  of  the  HiwlenHurg  line.  Full  possession  of  this  ridge 
will  enable  the  Allies  to  flank  this  line  and  force  its  de- 
fenders to  fall  back.  It  is  for  these  reasons  that  the  fight- 
ing there  has  been  so  desperate — that,  with  amazing  hardi- 
hood. Allied  troops  have  charged  thru  the  Flanders  mud 
•    and  water,  of  any  depth  from  ankle  to  waist. 

The  battles  of  the  French  for  the  Chemin  des  Dames 
had  the  same  object.  Their  success  brought  them  up  from 
the  Valley  of  the  Aisne,  and  won  them,  in  addition,  the 
ruins  of  Craonne.  which  is  one  of  the  strongholds  of  the 
Hindcnburg  line. 

And  now  a  word  as  to  that  theoretically  impossible 
"'  Battle  of  the  Tanks."  It  was  a  thrust  at  Cambrai, 
which  is  a  center  of  communication  and  hence  an  im- 
|x>rlant  strategic  jioint.  This  battle  smashed  two  things : 
First,  all  the  traditions  of  trench  warfare ;  second,  the 
Hindcnburg  line  at  its  strongest  point — the  liritish  pene- 
trating not  only  the  front  line,  hut  its  supporting  lines  for 
a  distance  of  five  miles. 

The  tactics  were  a  stroke  of  genius.  It  was  a  sur- 
prise attack  without  preliminary  bombardment.  The 
absence  of  this  preliminary  fire  not  only  caught  the  enemy 
napping,  but  freed  the  ground  of  No  Man's  Land  from 
the  shell  holes  which  make  infantry  advance  toilsome. 
The  tanks  were  relied  on  to  replace  it  in  smashing  gaps 
in  the  enemy  wire  entanglements. 

All  of  this  proceeded  as  scheduled,  and  their  success 
far  exceeded  British  expectations.  They  had  not  fore- 
seen so  great  a  victory.  If  they  had  had  250,000  men 
ready  to  rush  thru  the  break  in  the  line,  the  (ierman  armies 
would  have  been  on  the  run  for  Belgium.  As  it  was. 
the  enemy  swiftly  massed  his  forces  for  counter-attack, 
and  drove  the  Itritish  back  for  two  miles.  Tho  lessened 
as  it  was,  this  victory  is  still  one  of  the  most  significant  in 
the  history  of  this  war.  It  showed  that  the  German  de- 
fenses could  be  broken  at  their  strongest  point.  It  was 
characteristic  of  the  British  to  attack  at  just  that  point. 

STATUS  OF  THE  WAR 

So  now — after  three  and  a  half  years  of  war — the 
world  knows  that  Hindenburg's  boasted  "  Iron  Line  "  is 
breakable,  and  that  his  armies  can  be  beaten  in  either  at- 
tack or  defense,  if  the  Allies  care  to  pay  the  price  in  men. 

Biit,  tho  beatable,  these  armies  are  far  from  being 
l>eaten.  On  the  contrary,  they  are  still  very  formidable, 
and  they  are  fighting  savagely.  So  the  campaign  now  in 
progress  will  probably  sec  the  hardest  fighting  of  the  war. 

Altho  the  contest  may  be  long,  and  is  sure  to  be  a 
deluge  of  blood,  there  are  strong  military  reasons  point- 
ing clearly  to  the  ultimate  victory  of  the  Allies,  if  America 
does  her  part  in  time. 

Mm. — First,  take  the  question  of  men.  Germany 
started  this  war  with  a  total  mobilizable  force  of  10,100,- 
000  men.  She  has  lost  over  4,000,000  of  her  best  fighters 
— killed,  wounded,  and  prisoners.  Excluding  the  possible 
return  of  the  prisoners  now  in  Russia,  the  German  total 
to-day  is  about  6,100,000  men,  and  of  this  number  her 
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first  line  combatant  force  is  3,250,000.  The  remainder  are 
men  who,  from  age  or  wounds,  are  fit  only  for  garrison 
service,  for  guarding  communication  lines,  and  for  similar 
auxiliary  work. 

Before  the  recent  troop  movements  began,  Germany 
had  on  the  Western  Front  150  divisions,  and  on  the 
Eastern  Front  79.  The  strength  of  a  German  division 
has  become  a  very  variable  quantity  in  the  later  phases 
of  the  war.  But,  taking  it  as  14.000,  the  150  divisions  in 
the  West  would  amount  to  2,100,000  men. 

How  many  men  will  be  available  in  the  West  from 
the  79  divisions  of  1,106.000,  total  now  on  the  Eastern 
Front,  and  from  the  prisoners  in  Russia  is  problematical. 
Estimates  vary  from  500,000  upward.  Sir  Auckland 
Geddcs,  Minister  of  National  Service,  slated  recently  in 
the  House  of  Commons  that  the  Gentians  would  be  able 
to  withdraw  950,000  men  from  the  Eastern  Front  and 
that  the  Austrian*  would  be  able  to  furnish  enough  to 
bring  the  total  up  to  1,600,000.  The  uncertain  course  of 
events  in  Russia  might  readily  reduce  these  estimates. 

However,  this  total  and  the  150  divisions  in  the  West 
would  make  a  grand  total  of  3,700,000  Germans  there. 
Opposed  to  them  are,  2.000,000  British,  about  2,750.000 
French,  200,000  Belgians,  a  small  contingent  of  Portu- 
guese, and  a  growing  American  army.  Disregarding  the 
Americans,  the  Allied  forces  total  4,950,000  men. 

It  is  true  that  these  men  are  not  all  first-line  trench 
fighters.  Some  of  them  are  artillery,  engineers,  and  the 
like.  But  against  this  is  the  fact  that  the  Allies,  in  meet- 
ing any  assault  by  the  Germans,  would  be  on  the  defen- 
sive, where  one  man,  fully  supported  by  artillery,  is 
worth  three  in  the  attack.  Hence  it  seems  clear  that, 
even  with  Sir  Auckland  Geddes's  estimate,  the  Allies 
would  still  be  stronger  in  the  West. 

In  any  event,  they  have  full  confidence.  In  his  an- 
nual rc|iort,  Sir  Douglas  Haig,  British  Commander-in- 
chief  on  the  West,  says :  "  The  additional  strength  which 
the  enemy  can  obtain  from  the  events  in  Russia  and 
Italy  already  has  l>een  largely  discounted.  The  ultimate 
destruction  of  the  enemy's  field  forces  has  been  brought 
appreciably  nearer." 

There  is  no  probability  that  the  Germans,  at  their 
maximum  possible  strength,  can  break  the  Allied  line. 
Petain's  immortal  battle  cry  at  Verdun :  "  They  shall  not 
pass!  "  will  surely  hold  from  the  North  Sea  to  Switzer- 
land. But,  as  matters  stand,  the  Allied  forces  are  not 
sufficient  for  any  offensive  of  great  magnitude.  It  is  the 
American  army  which  must  furnish  reinforcements  ade- 
quate for  victory. 

As  to  our  army:  All  that  has  been  announced  of- 
ficially is  that  there  will  be  400.000  men  in  France  by 
March.  On  the  basis  of  the  British  forces  and  the  length 
of  their  line,  these  400,000  men  could  hold  a  similarly 
active  sector  just  24  miles  long.  The  reason  is.  that 
owing  to  possible  casualties,  there  must  be  three  or  four 
men  in  reserve  for  every  man  in  the  trenches.  So. 
America  is  perilously  slow.  Joseph  Choate's  dying  in- 
junction as  to  our  war  preparations :  "  For  God's  sake, 
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hurry!  *'  should  he  emblazoned  in  letters  of  fire  ahove  the 
desk  of  our  Secretary  of  War.  Later  it  may  be  written 
in  blood. 

Morale. — Now  consider  the  quality  of  these  German 
troops — their  morale  especially.  The  Teuton  armies  of 
to-day  are  not  what  they  were  in  1914.  Their  latest  re- 
cruits arc  the  recovered  wounded,  the  reformes  or  men 
originally  rejected,  and  some  able-bodied  boys  of  18  or 
less  and  men  of  45  or  more.  In  a  military  sense,  the  two 
latter  additions  are  boys  and  old  men,  who  have  little 
Staying  power  under  shell  fire  and  lack  fighting  spirit. 

It  would  be  both  unwise  and  unmilitary  to  question 
the  brute  bravery  of  these  German  troops.  They  have 
shown  this  quality  time  and  again  when,  in  massed  forma- 
tion, they  have  been  driven  like  sheep  to  the  slaughter. 
But.  man  for  man,  they  are  far  from  being  the  equal  of 
Allied  soldiers.    And  for  several  reasons : 

They  have  been  trained  as  machines,  and  lack  initi- 
ative. They  have  been  fighting  a  losing  fight  for  three 
years — a  condition  which  would  sap  the  morale  of  any 
army.  They  have  an  inherited  racial  fear  of  the  bayonet 
— the  "  cold  steel  " — and  cry  "  Kamarade  "  when  cor- 
nered. And,  in  some  dumb  way,  they  must  realize  that 
they  are  fighting  for  an  unjust  cause. 

These  statements  are  not  idle  boasts  as  to  the  superi- 
ority of  Allied  soldiery.  The  clan  of  French  troops  has 
filled  many  a  brilliant  page  in  history,  and  at  Verdun — 
short,  at  first,  of  both  guns  and  men — they  showed,  against 
the  flower  of  the  Kaiser's  army,  a  dogged  courage  that 
amazed  the  world.  As  to  the  British :  They  hold  four 
GernUUl  prisoners  to  one  Briton  held  by  Germany.  At 
Yprcs,  600,000  Germans  set  out  to  break  the  British  line 
and  were  beaten  back  by  half  their  number.  The  British 
losses  were  50,000;  the  German,  at  least  150,000.  A 
captured  German  officer  said  enviously  of  British  troops: 
"  With  such  men  we  could  go  anywhere  and  do  anything." 
As  to  our  own  troops  of  both  North  and  South :  We 
Deed  only  recall  the  memories  of  Gettysburg  and  the 
Wilderness.  They  have  no  su[ieriors  in  any  army  in  the 
world  to-day. 

Artillery. — The  Allied  armies  are  now  superior  in  gun 
power  also  in  the  West.  Germany  held  her  overwhelm- 
ing advantage  in  this  respect  for  two  full  years — until 
the  Battle  of  the  Somme.  Then,  in  both  guns  and  ammu- 
nition, the  scale  swung  to  the  Allies  with  accelerating 
speed. 

The  Somme  and  all  other  battles  since  have  shown 
the  German  weakness  in  artillery.  In  their  offensive 
last  August  the  French  had  in  action  an  average  of  one 
heavy  gun  for  every  85  feet  of  the  sector  of  attack,  and  a 
gun  of  some  kind — heavy  or  light,  or  a  trench  mortar — 
for  every  26  feet  of  that  sector.  France's  supply  of  muni- 
tions is  similarly  ample.  Her  daily  output  of  shell  for 
the  famous  "  75's  " — the  three-inch  gun — is  now  20  per 
cent,  greater  than  the  daily  expenditure  for  those  guns 
during  the  Somme  offensive,  and,  for  heavy  guns,  she  is 
making  100,000  projectiles  a  day. 

As  to  Great  Britain :  Working  day  and  night,  she  has 
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100  national  arsenals  and  4585  government-controlled 
factories — all  producing  supplies  and  munitions  of  war. 
In  1917  the  new  national  projectile  factories  had  a  total 
length  of  15  miles.  She  is  to-day  making  575  times  as 
many  shells  a  week  as  she  was  in  May,  1915.  The  British 
output  of  shells  alone  exceeds  the  German  maximum — 
which  cannot  be  increased  while  Great  Britain's  is  in- 
creasing daily. 

Tatties. — Finally,  consider  the  nature  of  the  later 
fighting — the  tactics  of  its  battles.  When,  three  years 
ago,  both  armies  dug  themselves  in  on  the  Western  Front, 
the  outcome  there  looked  like  a  draw — a  "  stalemate  " — 
since  those  continuous  lines  of  trenches  could  not  be 
flanked,  and  the  cost  in  lives  of  direct  frontal  attack  by 
infantry  alone  would  lie  prohibitive. 

But,  as  the  number  of  their  guns  grew,  the  Allies 
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gradually  evolved  new  tactics  for  this  warfare.  The  first 
stage  of  this  development  began  at  the  Battle  of  the 
Somme.  It  consisted  of  a  cyclonic  preliminary  bombard- 
ment with  unlimited  quantities  of  huge  shell.  This  de- 
stroyed the  wire  entanglements  and  blasted  away  the 
German  trenches — rendering  them  untenable. 

A  later  development  was  the  "  creeping  barrage  "  fire 
— a  moving  wall  of  high  explosive  shell  which  protected 
the  slow  advance  of  the  infantry  over  No  Man's  Land. 

To  meet  these  two  developments,  the  Germans  largely 
abandoned  their  elaborate  first-line  trenches  and  shifted 
their  men  into  strong  out|Kists  hidden  in  a  chain  of  shell 
craters.  This  chain  Consisted  of  a  series  of  disconnected 
"  nests."  l-'ach  nest  comprised  two  or  three  craters,  con- 
nected underground,  protected  by  wire,  and  reinforced  by 
timber  and  concrete.  This  change  made  the  attack  more 
difficult,  since  the  advancing  infantry  had  to  charge  a 
series  of  small  forts.  However,  the  preliminary  bombard- 
ment accounted  for  many  of  them,  and  occasionally  a 
"  tank  "  would  sit,  like  a  motherly  old  hen,  on  the  top  of 
one  of  these  nests  until  its  garrison  called  it  "  Kamarade." 

Then  came  the  "  pill  boxes  " — small  monolithic  con- 
crete forts  armed  with  machine  guns — which  the  Germans 
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set  in  geometrical  patterns  to  a  considerable  depth  be- 
hind their  front  line.  These  forts  are  so  placed  that 
each  protects  those  adjacent  by  enfilading  fire. 

But  the  "  pill  boxes  "  have  not  stayed  the  Allies.  I  f 
they  are  not  shattered  or  overturned  by  preliminary  shell 
fire,  the  advancing  troops  turn  a  continuous  stream  of 
machine-gun  fire  into  the  slots  or  port-holes  for  the  guns 
of  the  box.  Under  this  fire  bombers  crawl  up  to  it.  The 
firing  ceases  suddenly  a  hand  grenade  is  hurled  thru  a 
slot — and  in  from  two  to  four  seconds  there  are  only 
dead  Germans  in  that  concrete  tomb.  After  all,  that 
vaunted  "  German  efficiency  "  is  a  pretty  weak  sister  when 
real  men  with  alert  brains  get  after  it. 

Summary. — Summing  up,  then,  we  find  that — despite 
possible  reinforcement  from  the  Eastern  Front — the  Ger- 
man military  machine  is  crumbling,  slowly  falling  to  pieces 
in  the  West.  She  is  outnumbered  there,  she  is  becoming 
progressively  inferior  there  in  guns  and  aircraft,  and, 
unless  the  Russian  developments  make  a  change,  the 
strategic  initiative  on  the  West  has  passed  from  her 
hands.  She  cannot  tell  where  her  lines  will  be  attacked 
next,  and  she  is  compelled  to  face  battle  tactics  to  which 
she  cannot  reply  in  kind,  owing  to  her  weakness  in 
artillery. 

For  more  than  three  years  on  the  Western  Front  the 
Germans  have  not  won  a  battle — they  have  gone  back- 
ward always.  Napoleon  blasphemously  said :  "  God  is  on 
the  side  of  the  big  battalions."  That  should  be  the  belief 
of  these  godless  Germans  to-day.  For  their  boasted  effi- 
ciency— as  applied  to  their  chief  industry,  war  making — 
succeeds  only  when  they  have  great  superiority  in  guns 
and  men.   Otherwise  it  is  an  exploded  myth. 

WHEN  WILL  THE  WAR  END? 

It,  then,  Germany  is  militarily  wasting  away,  how 
long  can  she  hold  out ?  When  will  the  war  end?  That 
question  no  man  may  answer,  since  it  involves  a  mass  of 
considerations— military  and  naval,  economic  and  psycho- 
logical. A  glance  at  the  map  shows  just  why— to-day- 
Germany  is  making  a  desperate  drive  for  peace.  She  is 
eager  to  appear  at  the  Peace  Conference  with  her  hands 
full  of  spoils  to  bargain  with. 

The  Pan-Germany  of  to-day  is  of  immense  extent. 
Starting  with  the  little  margravate  of  Brandenburg,  the 
Hohenzollcrns  have  in  500  years  succeeded  in  spreading 
their  power  over  Central  Europe  and  the  Near  East.  If 
we  add  also  Russian  I'oland,  the  minor  countries  on  the 
Russian  border.  Serbia,  Bosnia,  and  Arabia — all  of  which 
this  alliance  controls  or  claims — we  have  a  total  area  of 
about  1,350,000  square  miles.  Excluding  the  Asiatic  part, 
it  is  about  45  per  cent,  of  the  area  of  Europe. 

As  President  Wilson  puts  it :  "  Germany  has  absolute 
control  of  Austria-Hungary,  practical  control  of  the 
Balkan  States,  control  of  Turkey,  control  of  Asia  Minor 
all  the  way  from  Hamburg  to  Bagdad — the  bulk 
of  German  power  inserted  into  the  heart  of  the  world.  If 
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she  can  keep  that,  she  has  kept  all  that  her  dreams  con- 
templated when  the  war  began." 

Just  why  she  wishes  to  keep  it  is  this:  The  Bagdad 
Railway — her  dream  of  years^was  intended  to  make 
direct  rail  connection  from  Berlin  to  Busrah,  at  the  head 
of  the  Persian  Gulf— not  only  making  the  countries 
thru  which  it  passed  German,  but  pointing  a  dagger  at  the 
heart  of  India. 

And  this  was  not  all.  This  wild  dream  of  world 
dominion  contemplated  similar  connections,  with  similar 
results,  between  Aleppo  and  Cape  Town,  Aleppo  and 
Peking,  and,  in  the  fulness  of  time,  a  short  run  for  Ger- 
man ships  across  the  Bay  of  Bengal  to  a  chain  of  German 
naval  bases  on  the  many  islands  from  Penang  to  Australia. 

You  see,  this  Bagdad  Railway  is  the  very  heart  of  all 
this.  But,  as  a  writer  in  the  AVw  York  Evening  Post 
says :  "  Shall  we  continue  to  war  for  years  in  order  to 
destroy  Germany's  control  of  the  railway  to  Bagdad  ? " 

The  answer  is :  If  we  allow  Germany  to  become  a  mili- 
tary colossus  in  Europe  her  intended  dominions  in  the  two 
Americas  comprise  virtually  all  of  these  continents  except 
the  United  States  and  Brazil.  Why  this  plan  spared  us  for 
the  time  is  not  clear.  Perhaps  a  huge  indemnity  would 
suffice  until  Germany  was  ready  to  take  us  over. 

In  any  event,  it  is  quite  clear  that,  if  we  do  not 
concern  ourselves  with  the  international  politics  of 
Europe,  those  politics — and,  so  far  as  Germany  goes, 
their  fleets  and  armies — will  concern  themselves  with  us. 
The  United  States  is  no  longer  isolated.  This  Republic 
is  a  great  world  power. 

So  there  should  be  no  compromise  that  would  permit 
Germany  to  cherish  even  the  wan  shadow  of  her  dream 
of  world  dominion — a  dream  which,  to  us  and  to  our 
Allies,  means  world  despair.  To  the  hazy  doctrinaires 
and  pacifists  who  advocate  their  so-called  "  magnanimity  " 
in  this  respect  I  commend  the  noble  words  of  Abraham 
Lincoln  when,  shortly  before  the  close  of  the  Civil  War, 
he  was  asked  to  compromise  in  the  interests  of  peace.  In 
refusing  and  insisting  on  a  military  decision,  he  said: 
"  The  fiery  trial  thru  which  we  pass  will  light  us  down, 
in  honor  or  dishonor,  to  the  latest  generation.  We — even 
we  here — hold  the  power  and  bear  the  responsibility.  We 
shall  nobly  save,  or  meanly  lose,  the  last,  best  hope  of 
earth." 

So  the  war  must  go  on  to — for  Germany — its  bitter 
end.  The  contest  will  be  titanic.  For  Germany,  tho  out- 
numbered, has  yet  a  huge  force  remaining.  Further,  she 
has  the  advantage  of  position,  in  fighting  on  the  defensive 
in  a  central  location  from  which  she  can  strike  at  any 
front.  To  balance  this  advantage,  the  Allies  should  be 
able  to  press  simultaneously  on  all  fronts,  and  the  collapse 
of  Russia  prevents  this.  Again,  to  win  a  decisive  victory, 
the  numerical  superiority  of  the  Allies  should  be  much 
greater  than  it  is.  On  the  contrary,  France  has  reached 
the  zenith  of  her  man-power.  Great  Britain  is  neartng  her 
maximum,  and  both  are  suffering  constant  losses.  And 
strong  reinforcements  from  America  will  be  appallingly 
slow  in  coming.    These  pacifists  of  ours,  who  forced  a 
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two-years'  delay  in  our  war  preparations,  have  cost  the 
Allies,  and  will  cost  us,  millions  of  lives,  billions  of 
dollars,  and  untold  suffering. 

Finally,  altho  Germany  is  very  hungry  now,  her 
armies  cannot  be  starved  into  submission.  They  are  fed 
while  the  people  suffer.  The  Kaiser  is  fighting  for  his 
throne  and  his  autocracy  for  its  privileges.  So  the  last 
man  who  will  fight  for  them  must  die  before  they  yield. 
Hence,  in  their  slow  defeat,  their  armies  may  yet — fight- 
ing desperately— fall  back  on  German  soil. 

Once  there,  the  military  problem  of  the  Allies  would 
become  much  more  difficult.  For,  since  the  war  began, 
Germany's  Franco- Belgian  frontier  has  been  greatly 
strengthened,  so  that  now  it  bristles  with  guns.  And  back 
of  it  lie  the  two  great  strongholds,  Mctz  and  Dicdenhofen, 
with,  in  their  rear,  a  chain  of  huge  fortresses  from  Strass- 
burg  to  Cologne,  along  the  Valley  of  the  Rhine.  Despite 
the  destruction  of  the  fortifications  of  Liege,  Namur. 
and  Maubeugc,  the  day  of  the  fort  in  war  has  not  passed, 
as  Verdun  has  shown.  It  is  an  immense  support  for 
armies  in  the  field. 

However,  in  all  this  there  is  no  ground  for  pessimism. 
It  is  darkest  before  dawn.  The  military  situation  now  is 
far  better  than  it  was  six  months  before  the  end  of  the 
Civil  War.  And  at  that  time  the  air  of  the  North  was 
blue  w ith  pessimism  and,  to  weak-hearted  men,  dark  with 
despair.  There  was  so  much  of  this  that  even  Lincoln— 
whose  faith  never  faltered— doubted  his  own  reelection, 
or,  indeed,  that  of  any  other  Republican. 

Besides,  there  were  three  kinds  of  victory  to  be  won 
in  this  war,  and  the  Allies  have  won  two  of  the  three  al- 
ready. The  first  of  these  was  the  moral  victory,  and 
Germany  has  been  condemned  in  the  high  court  of  the 
world's  opinion.  The  second  is  the  economic  victory,  and 
Ciermany  is  now  financially  a  ruined  nation.  1  Icr  wealth 
for  war-making  came  very  largely  from  manufactures, 
exports,  and  sca-lwrne  trade.  Albert  Ballin,*  the  leader  of 
Germany's  shipping  enterprises,  says:  "  Do  our  fools  of 
Chauvinists  realize  that  we  have  hardly  a  port  at  which 
our  ships  can  call  and  where  a  friendly  welcome  will  be 
extended  to  them?  Dover,  Falmouth,  and  Southampton; 
Gibraltar.  Malta,  and  Alexandria ;  Aden,  the  Persian  Gulf. 
Bombay,  and  Colombo  ;  Singapore  and  Hong  Kong— what 
are  they?  Great  Britain's  arsenals,  naval  bases,  coaling 
stations,  repairing  docks,  in  which  we  dare  not  show  our 
faces,  if  Britain  so  wills.  It  is  the  same  around  the 
African  continent,  the  same  in  the  West  Indies  and  the 
Pacific.  We  have  not  a  coaling  station  of  our  own,  not  a 
place  where  we  can  effect  repairs.    .    .  . 

"  With  a  hostile  British  Empire  .  .  .  how  are  we 
to  procure  the  raw  materials  which  that  Empire  alone  can 
supply?  .  .  .  Where  are  we  to  procure  our  supplies 
of  jute,  if  not  front  India?  If  wc  arc  driven  from 
Africa,  where  arc  we  to  seek  our  full  supplies  of  rubber, 

•Since  its  appearance,  the  authority  of  Hcrr  Ballins  letter 
has  been  questioned.    However,  the  quotation  gives  the  actual 
after  the  war  closes.  ; 


palm  kernels,  and  copra?  .  .  .  Wool  from  South 
Africa  and  Australia,  spelter,  wolfram,  nickel,  cobalt, 
and  endless  more  ?  .  .  .  And  all  the  military  victories 
and  all  the  wild  will-o'-the-wisps  alwut  '  Hatnburg  to 
Bagdad  '  will  not  help  us." 

It  is  regrettable  that  there  are  not  more  people  like 
Ilerr  Ballin  in  Germany.  Our  National  Chamber  of  Com- 
merce has  already  suggested  to  business  men  a  virtual 
boycott  of  Germany  with  regard  to  business  in  the  United 
States  after  peace  comes,  unless  she  abandons  wholly  her 
"  blood  and  iron  "  method  of  obtaining  foreign  business, 
as  in  this  war.  So,  in  any  event,  the  economic  victory  may 
be  taken  as  won. 

There  remains  still  the  military  victory,  which  is  far 
more  important  now  than  Germany's  economic  ruin  as  a 
means  of  keeping  her  from  gaining  wealth  with  which  to 
wage  future  wars. 

That  military  victory  is,  in  the  end,  assured  by  the 
great  prei>owlerance  of  the  Allies  and  this  country  in 
man-power,  wealth,  and  resources.  But  the  time  when 
that  victor)'  will  be  achieved  depends  now  on  America, 
and  fundamentally  on  the  speed  with  which  our  war  or- 
ganization in  Washington  works.  For  in  every  battle — 
military  or  naval — assuming  equal  skill— it  is  the  pre- 
ponderance, the  excess,  of  guns  and  men  which  is  the 
winning  factor.  The  preponderance  of  the  Allies  is  now 
too  small  for  decisive  victory.  America  must  throw  two 
million — perhaps  five  million — men  into  the  scale  of  battle. 

Then — with  sufficient  superiority  in  men.  with  a  vast 
air  fleet  to  strike  at  Krupp's  works,  the  heart  of  German 
military  strength,  and  with  the  American  embargo  gravely 
lessening  German  food  supply— the  war's  end  should  not 
1)0  far  away. 

WHAT  SEA  POWER  HAS  DONE 

Let  me  now  point  out  what  sea  power  has  done  in  stay- 
ing the  dark  tidal  wave  of  war.  It  is  true  that  misuse  of 
one  of  the  legitimate  weapons  of  that  |K)wer — the  sub- 
marine— has  produced  the  present  grave  conditions,  as  to 
the  trans|Kirt  of  troops,  munitions,  and  food  to  Allied 
countries.  But  submarine  strength  alone  is  not  true  sea 
power.  Surface  command  of  the  sea  is  all  that  counts  in 
the  end. 

And  now  for  the  true  sea  power— what  has  it  done? 
For  the  answer,  turn  to  the  battle  lines  of  France.  The 
invaders  were  stopped  at  the  Marne  by  Marshal  Joffrc — 
one  of  those  splendid,  towering  figures  who  appear  always 
in  world  crises.  But  in  the  woeful  slaughter  of  the 
months  that  followed,  in  the  steady  wearing  away  of  her 
military  strength.  France — without  Allied  aid— would 
have  gone  down  in  defeat  before  that  horde  of  Huns. 
And  that  aid — coming  in  full  tide  from  England,  her 
colonies  and  dominions,  from  India  and  Algiers— was 
made  possible  only  by  the  "  gray,  storm-beaten  ships  "  of 
the  British  fleet,  grimly  guarding  Germany's  imprisoned 
navy. 

And  that  aid  and  guard  have  been  continuous.  Since 
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war  began,  Allied  merchant  ships  have  transited  13,- 
000,000  troops  25,000,000  tons  of  explosives  and  supplies, 
and  51,000,000  tons  of  coal.  These,  with  other  ship- 
ments, make  a  total  of  130.000,000  tons  carried  across  the 
seas  during  that  period. 

And  much,  if  not  all,  of  this  vital  sea-borne  trade 
would  have  been  impossible  if  the  German  high-seas  fleet 
had  been  loose.  The  British  grand  fleet  thus  has  been  the 
very  keystone  of  Allied  success  in  this  war.  And  this  is 
not  all.  If  that  fleet  had  been  too  weak  for  this  watch 
and  ward,  England  with  its  feeble  army  of  those  early- 
days— would  have  been  invaded  at  once.  With  her  naval 
bases  seized,  her  fleet  would  have  been  homeless  and 
helpless. 

And,  then,  in  Winston  Churchill's  words,  it  would 
have  been  "  Your  turn  next !  "  for  America.  Long  ago 
our  shores,  from  Maine  to  the  Chesapeake,  would  have 
been  seized,  our  eastern  cities  would  now  be  occupied, 
and  to-night  there  would  be  German  troops  in  Philadel- 
phia. This  Republic  may  well  thank  God  for  the  British 
fleet ! 

OUR  BATTLE  FLEET 

And  now  to  turn  to  a  far  more  pleasing  story — that  of 
our  Xavy.  the  gallant  service  on  whose  history  the  deeds 
of  John  Paul  Jones,  of  Stephen  Decatur,  of  Farragut  and 
Dewey,  have  shed  unfading  lustre.  Before  discussing  the 
Navy's  probable  work  in  this  war,  let  me  explain  a  few 
points  as  to  the  ships  which  will  serve  in  that  work. 

There  are  five  classes  of  fighting  ships  in  a  modern 
fleet:  1'irst,  the  battleships — hnge  vessels  of  moderate 
si  iced,  built  to  give  and  take  the  hardest  blows.  The 
Pennsylvania,  a  vessel  of  31,400  tons,  carries  twelve  14- 
inch  guns.  She  is  capable  of  meeting  any  vessel  afloat 
to-day.  We  have  now  at  least  twenty-seven  of  these 
vessels — built,  building,  and  authorized. 

Second,  the  battle  cruisers,  which  are  modified  battle- 
ships, having  much  higher  speed  but  fewer  guns  ami 
thinner  armor.  They  are  larger  and  faster  than  any  ships 
of  their  type  in  the  world — having  a  displacement  of 
34,800  tons,  a  speed  of  35  knots,  and  a  main  battery  of  ten 
14-inch  guns.  The  battle  cruiser  will  be  linked  for  all 
time  with  the  name  of  Sir  David  Bcatty,  that  most  able 
and  fearless  British  Admiral  who,  at  the  Battle  of  Jut- 
land, bore  the  brunt  of  the  attack  of  the  German  high- 
seas  Meet. 

In  that  battle— lasting  about  six  hours— $150,0(X),000 
worth  of  ships  were  sunk  and  9000  men  died.  Beam  's 
Squadron,  headed  by  his  Flagship  Lion,  led  it  into  action. 
He  lost  three  of  his  ships — among  them  the  Queen  Mary, 
the  noblest  vessel  then  afloat.  Struck  by  a  shell  on  her 
turret-top,  she  sank  like  a  sounding  lead,  carrying  a  thou- 
sand men  to  death,  llcr  magazine  had  exploded.  You 
know,  a  warship  is  not  only  a  floating  battery,  but  a  possi- 
ble volcano  owing  to  her  cargo  of  high  explosives. 

The  third  of  a  fleet's  fighting  ships  is  the  scout  cruiser. 
These  are  lightly  armed  and  armored  vessels  of  very 
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high  speed,  designed  for  reconnoitering.  They  arc  the 
cavalry  of  the  sea,  always  seeking  the  enemy,  generally 
finding  him,  and  keeping  the  German  program  from  pro- 
ceeding "  as  scheduled." 

Vessels  like  these  scout  cruisers  had  a  brush  with  the 
enemy  the  other  day  oft"  the  Bight  of  Heligoland.  They 
are  incessantly  at  that  sort  of  thing.  From  the  beginning 
of  the  war  they  have  been  trouble-breeders  for  Germany. 
They  are  ships  of  about  3500  tons  and  35  knots  s|>eed. 

The  fourth  of  the  fleet's  fighters  is  the  destroyer. 
These  vessels  are  small,  handy,  and  exceedingly  swift 
craft  whose  main  weapon  is  the  torpedo  discharged  from 
tubes  on  deck.  They  rank  next  to  battleships  in  fighting 
value.  So,  as  Count  von  Rcventlow,  the  vociferous  Ger- 
man naval  critic,  says  feelingly,  "  The  destroyer  is  the 
submarine's  worst  enemy  !  " 

The  last  of  its  fighting  ships  is — as  it  should  be— the 
abhorrent  submarine,  the  sneaking  assassin  of  the  deep. 
Farragut  once  said  that  the  torpedo  was  not  a  gentleman's 
weapon — and,  doubtless,  the  great  body  of  blue-water 
sailors  in  allied  navies  to-day  echo,  as  to  the  submarine, 
the  great  admiral's  scornful  words.  German  opinion 
differs,  but,  to  the  blood-stained  degenerates  who  run 
their  C-boats.  the  ancient  chivalry  of  the  sea  has  no 
meaning. 

OUR  NAVY  IN  THIS  WAR 

What  will  our  Xavy  do  in  this  war?  The  answer  is 
that,  altho  our  huge  dreadnoughts  may  never  fire  a  gun. 
the  Navy's  work  in  a  prolonged  war  will  be  both  wide- 
spread and  hazardous,  taxing  to  the  limit  the  energies  of 
the  300,000  officers  and  men  now  in  our  sea  forces. 

The  first  duly  of  the  Navy  is  to  protect  our  own  coast, 
but  the  danger  of  hostile  attack  there  is  remote  so  long 
as  (ircat  Britain  is  the  jailer  of  Germany's  high-seas  fleet. 
An  invading  fleet  would  have  to  take  one  of  four  lines 
of  approach  to  our  coast :  cither  from  the  Orkneys,  the 
English  Channel,  Gibraltar,  or  some  point  on  the  African 
coast,  as  Agadir.  Now,  on  these  four  lines,  the  distances 
range  between  2800  and  4200  miles,  while  the  steaming 
radius  of  a  modern  fleet  is  about  2000  miles — that  is,  it  can 
steam  that  distance,  fight  a  battle,  and  then  return  to 
its  base. 

Evidently,  then,  for  successful  operations,  the  German 
fleet  would  have  to  seize  a  base  on  or  near  our  coast.  In 
doing  this  it  would  be  op|>osed  not  only  by  our  fleet  but 
by  a  pursuing  British  force,  and,  as  well,  by  such  mobile 
army  as  we  had  available.  It  is  clear  that  the  task  would 
be  too  great,  even  for  Germany.  Our  coast  is  hence 
wholly  safe  from  invasion,  providing  we  and  our  Allies 
win  this  war. 

There  is.  of  course,  the  possibility  that  one  or  more 
battle  cruisers  might  slip  past  the  British  blockade  and 
dash  across  the  Atlantic  to  give  America  a  taste  of  Ger- 
man fright  fulness  by  firing  a  few  broadsides  into  New 
York.  But  this  would  be  madness,  for  they  would  never 
get  home  again.   And  there  are  other  prohibitive  reasons. 
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1»  the  first  place,  Germany  has  no  battle  cruisers  to 
spare.  The  few  she  has  she  needs  sorely  for  the  coining 
naval  Armageddon  in  the  North  Sea.  Second,  in  the 
shallow  fringes  of  that  sea  the  forbidden  area  mined  by 
the  llritish  is  very  large  and  still  growing.  Third,  across 
the  northern  boundary  of  the  sea,  from  the  Shetlands  to 
the  coastal  waters  of  Norway,  there  is  a  close  blockade, 
backed  by  an  enormous  dreadnought  fleet. 

So,  while  a  disguised  raider,  hugging  the  Norwegian 
coast,  might  slip  thru  at  night  or  in  a  fog,  a  huge  battle 
cruiser  could  scarcely  escajie  notice  and  instant  pursuit 
by  swift  ships  of  her  own  class. 

From  time  to  time,  also,  we  hear  that  Germany  intends 
to  make  submarine  attack  on  our  coastwise  commerce  and 
on  ocean  liners  near  our  ports.  This  is  improbable,  since 
the  undersea  boats  rind  their  prey  thickest  in  British 
waters.  However,  if  they  should  come,  we  have  a  fair 
force  of  cruisers,  destroyers,  and  submarine  chasers  to 
meet  them.  And,  in  any  event,  the  submarine  menace 
seems  on  the  wane. 

It  is,  however,  quite  possible  that  submarine  mine 
layers  might  come  to  our  coast.  Admiral  Jellicoe  has 
given  our  Navy  Department  official  warning  as  to  this. 
Tlu>e  boats  carry  about  thirty  mines  each,  and  they  have 
dumped  their  cargoes  all  about  the  British  islands.  Float- 
ing mines  can.  of  course,  be  strewn  in  any  waters,  and, 
from  Cape  Cod  southward,  the  bottom  slopes  so  gradually 
that  anchored  mines  could  be  planted  for  many  miles  to 
seaward.  In  view  of  this,  wc  have  now  a  considerable 
force  of  mine-sweepers  ready  for  service. 

But  the  most  extensive  and  most  hazardous  work  con- 
fronting our  Navy  is  that  of  keeping  open  our  communi- 
cations with  Europe— convoying  merchant  ships  across 
the  Atlantic  and  through  the  forbidden  zone  which  Ger- 
many has  drawn  about  the  British  islands.  For  this  duty 
only  swift  cruisers  and  destroyers  will  serve.  At  pres- 
ent, wc  have  about  22  of  the  former  and  60  of  the  latter, 
some  of  which  are  in  Euroj>can  waters.  However,  by 
next  spring  our  destroyer  flotillas  will  begin  to  grow,  and 
so  rapidly  that,  by  the  end  of  the  year,  we  shall  have  a 
greater  force  of  these  vessels  than  any  other  navy.  So,  if 
the  submarine  menace  does  not  pass  away,  we  shall  be 
able  to  meet  it. 

THE  "WET  TRIANGLE " 

From  time  to  time  we  hear  in  the  press  from  civilian 
"  exerts  a  demand  that  the  Allied  fleets  shall  make  a 
combined  attack  on  the  German  fleet  and  the  German 
naval  bases  on  the  North  and  Baltic  seas. 

These  critics  of  Admiral  Beatty  and  the  British  Naval 
Staff  should  learn  something  of  modern  sea  fighting— 
especially  the  attack  on  fortified  ports — before  venturing 
to  write  on  such  a  subject.  Let  me  commend  to  them  the 
dictum  of  that  master  of  naval  strategy,  the  late  Admiral 
Mahan.  who  said :  "  Unless  you  have  ships  to  bum,  a 
match  between  ships  and  forts  is  unequal."  The  wisdom 
of  this  was  shown  conspicuously  by  the  disastrous 
attempt  of  the  Allied  fleets  to  force  the  Dardanelles. 
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As  a  matter  of  fact,  such  an  attempt — even  on  the 
North  Sea  bases  only — would  be  suicidal  for  a  dread- 
nought fleet.  For,  the  whole  of  the  German  North  Sea 
coast  is  a  mass  of  islands  and  mud  flats,  the  bottom  sloping 
down  very  gradually  to  the  ten-fathom  line  which  passes 
thru  Heligoland.  Within  that  line,  and  with  the  bottom 
containing  many  shifting  shoals,  it  is  risky  even  in  time  of 
peace  for  deep-draught  vessels  to  pass  thru  much  of  the 
area  except  thru  regularly  dredged  and  buoyed  channels. 

Again,  the  whole  Bight  (Bay)  of  Heligoland  is 
thickly  mined,  the  channels  thru  the  fields  being  known 
only  to  the  Germans.  In  the  recent  action  near  the  Bight 
the  British  scout  cruisers  could  only  go  within  thirty  miles 
of  the  island.  Further,  the  whole  coast  is  defended,  not 
only  by  forts  and  batteries  but  by  concealed  guns  of  the 
most  powerful  type  and  by  subterranean  stations  for 
launching  torpedoes. 

Further,  the  mouth  of  the  Kiel  Canal  lies  about  six 
miles  up  the  Elbe  River  from  Cuxhaven.  The  guns  of 
Cuxhavcn  have  a  range  of  five  miles  seaward,  and  the 
navigable  channel  from  the  sea  up  the  river  is  only  two- 
thirds  of  a  mile  wide,  with  every  foot  of  it  dominated  by 
heavy  guns. 

And,  again,  Heligoland,  Wilhclmshaven,  and  Cux- 
haven are  only  about  forty  miles — or  less — apart  in  this 
"  W  et  Triangle."  Hence,  none  of  these  fortresses  can  be 
isolated.  None  of  the  three  can  be  attacked  without  re- 
ceiving prompt  aid  from  the  submarines  and  guns  of  the 
other  two.  And  the  guns  of  these  fortresses  are  so 
mounted  as  to  be  capable  of  plunging  fire  on  a  ship's  deck 
which  is  not  protected  by  heavy  armor.  One  such  hit 
would  no  far  toward  wrecking  the  heaviest  dreadnought 
ever  built. 

And.  finally,  the  whole  area  of  the  Triangle  has  been 
plotted  in  squares  on  the  German  artillery  maps,  with  the 
range  of  each  square  known,  and  the  guns  would  be  fired 
in  groups  or  salvoes,  so  that  a  ship  in  any  given  square 
would  have  no  chance  of  esca[>e. 

There  is  unquestionably  no  better  guarded  section  of 
coast  line  in  the  world  than  the  shores  of  the  "  Wet  Tri- 
angle." It  can  be  attacked  with  success  only  from  the 
air. 

The  fact  that  the  British  monitors  bombarding  the 
Belgian  coast  fire  at  ranges  from  12  to  18  miles  and  from 
behind  smoke  screens  shows  how  seamen  fear  shore  bat- 
teries. And  to  the  fire  of  these  batteries  in  this  case 
would  be  added  that  of  the  whole  German  fleet  lying 
safe  behind  its  shore  defenses. 

In  view  of  all  this,  Germany  would  like  nothing  better 
than  to  have  some  foolhardy  admiral,  forced  by  the  public 
demand,  steam  into  sure  death  in  the  "  Wet  Triangle." 

FARRAGUT  AT  MOBILE 

In  arguing  for  the  advisability  of  this  act  of  military 
madness,  these  civ  ilian  critics  make  much  of  Farragut's 
one  historic  oath— his  "  Damn  the  torpedoes !  '*  uttered  at 
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Mobile  Bay.  The  circumstances  there  give  no  warrant 
for  their  contention,  Farragut  was  not  foolhardy  there. 
He  was  forced  by  the  danger  of  his  fleet  to  be  wisely 
daring. 

The  entrance  to  the  bay  was  guarded  by  Fort  Morgan 
on  one  side  and  a  triple  row  of  "  torpedoes  "  (mines)  on 
the  other,  the  distance  between  being  but  100  yards  wide 
and  at  the  most  deadly  range  from  the  fort.  Forty-six  of 
the  torpedoes  were  made  of  beer  kegs  and  134  of  them  of 
tin.  All  were  fitted  with  percussion  fuses.  A  short  dis- 
tance from  the  entrance  lay  the  ram  Tennessee,  a  heavy 
casemated  ironclad,  the  most  formidable  vessel  ever  built 
by  the  Confederacy. 

Farragut's  fleet  consisted  of  four  light-draught  moni- 
tors in  advance  and  six  heavy  wooden  ships  following. 


each  of  the  latter  having  a  smaller  vessel  on  its  port  side. 
The  Brooklyn  led  the  column  of  wooden  ships,  the  flagship 
Hartford  being  next  in  line. 

The  Tecumseh,  the  leading  monitor,  struck  a  torpedo 
and  went  down  like  a  sounding  lead.  Then  the  Brooklyn 
sighted  some  floats  marking  a  nest  of  torpedoes  just 
ahead.  She  was  at  once  stopped  and  backed,  thus  lying 
across  the  narrow  channel  and  blocking  the  advance  of 
the  ships  behind  her.  This  held  the  Hartford  especially 
where  "  the  shots  from  the  enemy  turned  her  deck  into  a 
slaughter  pen,  so  that  blood  ran  in  streams  from  her 
scup]>ers." 

Farragut  hailed  the  Brooklyn,  asking  the  trouble. 
The  answer  was  "  Torpedoes." 

"  Damn  the  torpedoes !  "  he  shouted.   "  Follow  me !  " 
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And,  swinging  to  port,  he  went  at  full  speed  over  the  tor- 
pedoes directly  toward  the  Tennessee.  The  torpedo  cases 
were  heard  striking  the  Hartford's  coppered  bottom  ;  their 
primers  snapped,  but  none  exploded. 

In  his  official  report  of  the  battle,  Admiral  Farragut 
said,  as  to  the  torpedoes:  "We  had  been  assured  by 
refugees,  deserters,  and  others  of  their  existence,  but, 
believing  that,  from  their  having  been  some  time  in  the 
water,  they  were  probably  innocuous,  I  determined  to  take 
the  chance  of  their  explosion." 

From  these  circumstances,  you  see  that  Farragut  had 
three  alternatives:  either  to  withdraw  his  fleet  and  give 
up  the  attack ;  or  to  suffer  his  flagship  to  be  destroyed  by 
the  guns  of  the  fort  as  he  struggled  thru:  or  to  charge 
over  torpedoes  which  he  judged  might  be  rusted  and 
inactive. 

Wisely  daring,  he  chose  the  last  of  the  three.  But 
his  action  was  a  very  different  thing  from  deliberately 
leading  his  fleet  into  mine-fields  that  he  knew  to  be  both 
active  and  appallingly  destructive. 

WHAT  OUR  ALLIES  HAVE  DONE 

And  now  let  us  turn  a  moment  to  what  our  Allies  have 
done  in  this  war — to  their  vast  service  to  mankind,  their 
sorrowful  sacrifice  in  the  graves  that  crowd  all  Europe. 

Belgium  needs  none  to  speak  for  her.  "  The  Lion  of 
Brabant  "  won  deathless  fame  when  unafraid,  he  faced— 
and  for  two  weeks  held— the  huge  horde  from  beyond  the 
Khine.  For  honor,  the  martyred  kingdom  gave  her  all. 
Desolate  she  may  be  now — but  never  in  despair.  And 
the  dawn  of  her  new  day  of  peace  seems  almost  breaking. 

And,  then,  on  France,  for  two  full  years,  fell  the 
brunt  of  that  fierce  onslaught,  while  England  was  gather- 
ing her  land  forces.  The  silent,  fearless,  steadfast  vvav  in 
which  she  met  it  has  stirred  the  ceaseless  admiration  of 
the  world.  There  is  a  touching  story  of  a  young  French 
officer  which  tells  the  reason  why.  Asked  for  what  he 
was  fighting,  he  lifted  a  piece  of  the  sod  on  which  he 
stood  and,  kissing  it  passionately,  he  said :  "  For  France ! 
For  France!"  In  all  earthly  things,  there  is  but  one 
creed  in  France,  and  that  is  "  I,a  Patric." 

And  she  has  made  gigantic  sacrifices  for  that  creed. 
Holding  more  than  two-thirds  of  the  Western  Front,  she 
has  had  3,875,000  casualties  in  her  armies.  All  France  is 
studded  with  the  white  crosses  of  her  dead,  and  her  hope- 
lessly maimed  arc  everywhere.  Seven  thousand  square 
miles  of  her  territory  are  still  in  German  hands,  its  popu- 
lation enslaved,  its  wealth  looted,  and  its  lands  and  build- 
ings sure  of  devastation  and  destruction  if  the  Germans 
have  the  time.  This  territory,  too,  before  the  war,  pro- 
duced two-thirds  of  France's  coal  supply  and  has  an  iron- 
ore  reserve  greater  than  even  Germany's  in  Lorraine. 
From  the  beginning  of  the  war  until  August  1,  1917, 
France  has  expended  about  $16,930,000,000. 

And  now — after  all  this — France  is  weary  beyond 
words,  and  looks  eagerly  to  the  great  Republic  of  the 
West  to  fulfil  swiftly  General  Pershing's  words  when, 
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stooping  over  Lafayette's  grave,  he  said  softly,  "  Lafay- 
ette, we  have  come ! "  It  was  the  promise  of  relief  for 
their  war-worn  men  that  made  women  in  Paris  kneel  in 
homage  when  our  flag,  borne  by  our  troops,  passed  by. 

On  England's  giant  shoulders  now  is  laid  the  chief 
burden  of  the  war  until  unready  America  shall  do  her 
share.  Britain's  part  has  already  been  colossal.  Under 
her  agreement  with  France  she  was  required  only  to 
guard  the  seas  and  to  furnish  100,000  men.  Instead,  she 
doubled  her  fleet  and  sent  2,000,000  men  to  France. 

The  story  of  that  first  expeditionary  force  of  about 
85,000  men  is  one  of  the  saddest  and  noblest  in  all  his- 
tory. The  bulk  of  it  sleeps  to-day  in  quiet  graves  in 
France  or,  maimed  and  blind,  is  guarded  in  England's 
gentle  homes.  It  was  outnumbered  five  to  one  when  it 
first  met  the  Germans  at  Mons  in  Belgium.  Fighting 
desperately,  it  fell  back  slowly  until  the  Ma  me  was 
reached.  There  the  retreat  ended,  never  to  begin  again ; 
for  it  flung  its  then  feeble  strength  into  the  attack  with  the 
troops  of  France,  and,  for  the  first  time  since  the  days 
of  the  great  Napoleon,  a  Prussian  army  was  turned  and 
driven  back. 

The  story  of  the  soldiers  of  Great  Britain  and  her 
Dominions  thruout  this  war  is  one  of  dogged  courage  and 
brilliant  dash.  I  have  time  for  only  a  few  instances: 
"  General  Smith-Doricn's  army  of  37,000  men  lost  10,000 
in  August,  1915, 10,000  in  November,  and  5000  in  October. 
.  .  .  The  Seventh  Division  of  18,000  men  was  reduced 
in  three  weeks  ...  to  233.  .  .  .  One  regiment 
alone,  the  Coldstream  Guards,  has  been  wiped  out  and 
reconstituted  no  less  than  twenty-one  times  since  the  war 
began." 

And — with  her  little  regular  army  thus  wiped  out — 
this  sacrifice  was  that  of  eager  volunteers.  Conscription 
— instead  of  providing  the  bulk  of  Great  Britain's  army — 
had,  in  February,  1916,  added  only  about  750.000  men  to 
it.  Before  that  there  had  been  4,250,000  volunteers.  And 
— as  with  us — these  were  the  very  flower  of  British  man- 
hood. Kipling's  "  flannclcd  oafs  of  the  wickets"  left 
their  universities,  their  clubs,  their  drawing-rooms,  and 
died  for  England's  sake.  The  losses  of  British  armies — 
the  killed  or  permanently  disabled— in  the  first  three  years 
of  the  war  were  about  one  million.  Great  Britain  has  now 
3.000,000  men  serving  on  all  fronts.  Besides  these,  there 
are  2,000,000  in  reserve  in  the  British  islands,  and  nearly 
another  million  on  garrison  duty  thruout  the  Empire. 

The  total  number  of  British  women  workers  in  the 
war  was,  in  1917,  considerably  over  5,000.000.  From  60 
to  80  per  cent,  of  the  machine  work  on  shells,  fuses,  and 
trench  warfare  supplies  is  now  done  by  women.  There 
are  183  separate  gauging  operations  on  each  18-poundcr 
shell,  much  of  which  is  done  by  women. 

The  population  of  the  United  States  is  now  103,000,- 
000,  that  of  Great  Britain  is  48,000.000.  Hence,  to  equal 
the  British  Empire's  colossal  achievement  as  to  human 
war  material,  we  shall  have  to  raise  an  army  of  between 
9,000,000  and  10,000.000  and  enlist  10,000,000  women  in 
war  industries. 
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OUR  WAR  PREPARATIONS 

Our  war  preparations  are  too  well  known  to  be  re- 
counted in  detail  here.  Briefly,  wc  have  now  an  army  of 
1,500,000  men  in  France  and  in  training,  and  300,000 
men  in  the  Navy— which  is  twice  the  size  of  the  British 
Navy  before  the  war  began.  We  have  more  than  1000 
naval  vessels  in  commission  and  are  building  the  greatest 
force  of  destroyers  ever  known.  The  largest  merchant 
shipbuilding  program  in  the  world's  history  is  also  now 
under  way.  And  we  are  building  a  vast  fleet  of  aircraft 
and  training  its  aviators.  All  of  this  immense  work  has 
been  planned  and  started  with  a  speed  unknown  in  any 
national  history.  The  question  is  only:  Will  it  be  done 
in  time? 

In  this  country  there  is,  with  many,  a  curious  preju- 
dice against  any  criticism  of  the  Administration  or  its 
war  organization  in  the  conduct  of  war.  This  prejudice 
must  seem  inexplicable  to  Lloyd-George  and  Clemenceau. 
It  would  have  brought  a  humorous  smile  to  the  worn  face 
of  Abraham  Lincoln,  who  was  deluged  with  criticism,  and 
would  have  made  McKinlcy  laugh,  in  view  of  his  experi- 
ence during  the  Spanish-American  War. 

There  are  two  classes  of  criticism :  the  destructive 
kind,  which  is  mere  partisan  or  malicious  carping,  with  no 
suggestion  of  remedial  action.  This  sort  of  thing  has 
nothing  to  commend  it.  On  the  other  hand,  constructive 
criticism — pointing  out  an  evil  and  calling  for  its  removal 
— is  of  the  highest  value  to  those  who  are  doing  any  work, 
war-making  included.  So  the  little  I  may  say  in  comment 
on  our  war  preparations  will  be  constructive  criticism 
purely. 

First:  let  me  note  that  this  war  is  a  war  of  the  people, 
for  the  people,  and  by  the  people.  It  is  not  a  partisan 
nor  an  Administration  war.  We,  the  people,  must  pay  its 
enormous  cost  in  money  and  its  far  more  onerous  cost 
in  human  life.  Those  troubled  homes  to-night — with  their 
blue-starred  flags  flying  proudly — will  pay  in  grief  and 
tears  the  saddest  taxes  of  this  war.  To  lighten  their 
burden,  to  keep  the  life-loss  low  as  may  be,  is  the  first 
duty  of  our  statesmen,  their  solemn  responsibility  in  this 
war. 

Manifestly,  to  do  this  we  should  have  the  ablest  brains 
in  this  country  operating  our  war  organization.  There 
should  be,  first  of  all,  a  coalition  cabinet,  enlisting  men  of 
international  fame  among  our  political  leaders,  our  cap- 
tains of  industry  and  commerce.  Lincoln  included  in  his 
Cabinet  his  chief  rivals  for  the  presidency  and  even  a 
member  from  a  slave-holding  state.  The  Cabinet  of  to-day 
must  face  those  masters  of  the  art  of  war — Ludendorff 
and  Mackcnscn,  Tirpitz  and  Capelle. 

Again,  in  some  conspicuous  instance  our  war  prepara- 
tions seem  to  be  in  the  hands  of  amateurs.  Fuel  adminis- 
tration, for  example,  is  a  purely  technical  matter,  requiring 
an  engineer  of  the  first  rank. 

Further,  take  the  Shipping  Board.  From  the  begin- 
ning its  ruling  members  have  been  men  untrained  in  naval 
architecture,  shipbuilding,  and  marine  engineering— the 
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sciences  vital  to  speedy  success.  From  press  reports,  it 
seems  to  be  at  last  under  way,  altho  we  must  await  results 
to  prove  this.  Finally,  the  censorship  should  be  so  slack- 
ened as  to  give  the  people  full  infonnation  as  to  war 
preparations  and  events  which — if  made  public — will  not 
give  the  enemy  aid.  Congress,  in  its  recent  investigations, 
has  done  a  work  of  the  greatest  public  service.  Even  in 
a  democracy  officials  fully  shielded  by  the  censor  may  be- 
come autocrats. 

Abraham  Lincoln  said :  "  The  United  States  will  last 
forever,  unless  it  commits  suicide."  In  this,  the  greatest 
conflict  of  all  time,  war-making  by  amateurs  is  a  very 
facile  means  of  self-destruction. 

WHAT  ARE  WE  FIGHTING  FOR? 

What  are  we  fighting  for?  Why  should  our  men  die 
in  Europe's  battles? 

If  those  questions  are  asked  by  honest  seekers  for  in- 


PALESTINE  FRONT— RED  CROSS  SLEDGES  FOR  THE  WOUNDED. 

formation,  they  deserve  full  consideration.  If,  on  the 
contrary,  they  come  from  pro-German  sympathizers,  paci- 
fists, or  advocates  of  an  early  and  inconclusive  peace,  they 
are  a  close  approach  to  treason. 

The  reason  is,  that  we  must  either  "  Go  on  or  go 
under"  in  this  war;  that  those  who  are  not  with  us  arc 
against  us ;  that  we  have  two  sets  of  enemies :  the  Teuton 
armies  beyond  the  sea,  and  the  "  Hun  within  our  gates." 
And  these  foes  within  our  household — notably  in  their 
continuous  drive  for  a  German  peace — are  perhaps 
America's  most  formidable  enemies  to-day. 

Any  public  talk  or  newspaper  articles  advocating  peace 
without  conclusive  military  victory  encourage  the  enemy 
to  prolong  the  war,  in  the  belief  that  this  Republic  is  in  it 
half-heartedly.  And  any  prolongation  of  this  war  means 
the  death  of  more  Allied  troops — our  men  among  them — 
in  No  Man's  Land  and  on  the  sea.  The  price  of  the 
liberty  given  these  men  to  wag  their  tongues  and  drive 
their  pens  is  thus  the  blood  of  our  nearest  and  dearest. 
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We  find  these  men  in  all  grades  of  society — senators 
and  cx-scnators  of  the  United  States  have  been  among 
them,  the  president-emeritus  of  a  time-honored  university, 
the  proprietor  of  a  great  chain  of  newspapers,  college 
professors  and  their  sons,  and  so  on  to  the  ragged  soap- 
box orator  in  the  slums. 

Elihu  Root  said  that  there  were  some  men  walking  the 
streets  of  New  York  who  should  be  shot  at  sunrise. 
William  J.  Flynn — until  recently  Chief  of  the  United 
States  Secret  Service — says  that  there  arc  at  least  250,000 
German  spies,  sympathizers,  and  pacifist  pro-German 
workers  in  this  country  to-day.  And,  from  what  I  know 
of  conditions  in  New  York,  I  judge  his  estimate  to  be 
very  moderate. 

But  to  return  to  our  question:  What  are  we  fighting 
for? 

There  arc  several  answers  to  this  question.  The  first 
is  this :  The  United  States  has  suffered  intolerable  wrongs 
from  the  German  Empire,  beginning  before  the  sinking  of 
the  Lusitania  and  continuing  until  the  declaration  of  a 
state  of  war.  American  ships  were  destroyed  and  Ameri- 
can lives  taken  on  the  sea.  An  elaborate  spy  system  was 
maintained  by  the  German  Ambassador.  It  is  estimated 
that  $27,000,000  of  German  money  was  spent  in  propa- 
ganda here.  Mexico  and  Japan  were  invited  to  make  joint 
war  on  this  country. 

Our  munition  plants  were  destroyed  or  endangered. 
There  has  been  an  estimated  loss  of  fifty  million  dollars 
from  the  attacks  on  these  and  other  establishments.  Se- 
dition was  spread  among  our  workmen.  Our  growing 
crops  were  threatened.  And  so  on,  thru  a  long  list  of 
crimes  involving  treason,  murder,  arson,  and  piracy. 

That  is  one  answer.  Rut,  there  is  another  which  is 
stronger  still.  It  is  this:  Nearly  all  that  is  worth  while 
among  mankind  in  Europe  has  "  fallen  among  thieves  " 
and  murderers  during  these  terrible  years,  and  this  Re- 
public can  no  longer  "  pass  by  on  the  other  side  " ;  it  can 
no  longer  stand  aloof. 

Look  at  Belgium  1  Fenced  in  by  death-dealing  electric 
wires,  the  slow  martyrdom  of  that  hapless  kingdom  goes 
on — its  men  enslaved,  its  women  in  conditions  worse  than 
death,  its  little  children  dying  of  hunger  and  cold.  And 
the  German  Government  will — if  not  balked — keep  that 
whole  people  as  a  nation  of  slaves  in  the  very  heart  of 
Europe,  or,  worse  still,  will  exterminate  them.  When 
asked  by  Minister  Whitlock  what  he  would  do  if  Eng- 
land and  France  stopped  feeding  the  Belgians,  Governor 
General  von  Bissing  said :  "  Starvation  will  grip  those 
people  in  thirty  to  sixty  days.  It  is  a  compelling  force, 
and  we  could  use  that  force  to  compel  the  Belgian  work- 
men .  .  .  to  go  into  Germany.  .  .  .  The  weak 
remaining,  the  old  and  the  young,  we  would  concentrate 
opposite  the  firing  line,  put  firing  squads  back  of  them, 
and  force  them  thru  that  line." 

The  situation  of  Serbia  is  worse  still.  From  the  be- 
ginning it  was  the  purpose  of  the  Central  Powers  to  wipe 
out  that  little  people,  since  it  barred  the  realization  of  the 
Mittelcuropa  dream.  In  their  woful  migration,  a  pitying 
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God  acting  thru  Kssad  Pasha,  an  Albanian  brigand  chief 
—saved  the  wan  wraith  of  what  was  once  a  nation.  But 
one-fourth  of  it  is  dead,  and  ten  thousand  of  its  young 
girls  have  been  sent  into  Turkish  harems. 

The  story  of  Poland  is  too  long,  too  sorrowful,  to  tell. 
The  atrocities  there  and  in  Roumania  and  Montenegro 
were  the  work  of  human  devils.  Germany's  record  with 
all  of  these  feeble  peoples  is  one  of  pitiless  ferocity,  of 
systematized  bestiality. 

So  far  I  have  spoken  of  men  and  nations  only.  But 
what  of  womankind?  Of  the  agony  and  shame  suffered 
by  the  women  of  those  conquered  lands  I  may  speak  only 
with  bated  breath.  When  this  war  closes,  its  most  pitiable 
victims  will  be,  not  the  silent  dead  who  fell  for  their 
country's  flag,  nor  the  maimed  veterans  whose  wounds 
will  be  their  badge  of  honor,  but  the  multitude  of  sad- 
eyed  women,  of  desolate  young  girls,  on  whose  tortured 
innocence  have  been  set  the  foul  stigmata  of  the  most 
bestial  nation  that— since  the  days  of  Sodom— has  polluted 
God's  green  earth. 

The  details  are  too  hideous  to  recount.  A  great  mass  of 
them  are  embodied  in  British,  French,  Belgian,  and  other 
official  reports,  which  will  be  made  public  at  the  close  of 
the  war.  Dr.  William  T.  Hornaday,  of  New  York,  says : 
"  To-day  the  American  people  as  a  mass  do  not  know 
more  than  one-hundredth  part  of  the  crimes  of  Germany. 
...  It  takes  strong  nerves  to  go  thru  these  thousands 
of  pages  of  printed  documents,  and  scores  of  ghastly 
pictures,  without  becoming  thoroly  shaken." 

And  what  of  the  helpless  little  ones? — that  host  of 
baby  dead  who  now  "  arc  mightier  far  than  the  whole  of 
the  German  Empire,  for,  until  the  Trump  of  Doom,  they 
will  be  waiting  at  the  bar  of  God?  " 

I  have  told  you  of  the  twenty-one  children  who  froze 
and  starved  to  death  every  day  last  winter  in  Brussels. 
In  that  terrible  march  across  the  Albanian  mountains 
23,000  little  Serbian  schoolboys  drifted  to  death  amid  the 
snows. 

Catharine  Van  Dyke  tells  of  a  tragic  God's-acre  she 
saw  near  Chauny,  in  the  north  of  France.  There  are  200 
tiny  mounds  there,  each  bearing  a  white  cross  with  the 
legend,  "  Here  lies  a  child  of  France."  These  children 
died  from  suffering  during  deportation  or  from  the  abuse 
of  German  soldiers.  Miss  Van  Dyke  says :  "  Many  were 
picked  from  the  ditches  with  their  tiny  arms  outstretched, 
still  appealing  to  their  mothers.  Our  boys  say  that  so  they 
buried  them.  In  all  the  rain  and  darkness  their  baby  arms 
arc  still  outstretched." 

In  writing  of  the  great  Hindenburg  drive  in  Poland, 
Frederick  C.  Walcott  says :  "  A  million  people  were  driven 
from  their  homes.  Half  of  them  perished  by  the  road- 
side.   .    .   .   Wicker  baskets— the  little  basket  in  which 


the  baby  swings  from  the  rafters  in  every  peasant  home — 
were  scattered  along  the  way,  hundred  and  hundreds  until 
one  could  not  count  them,  each  one  telling  a  death." 

Dr.  Martin  Niepage,  a  teacher  at  the  German  Tech- 
nical School  at  Aleppo,  says:  "The  German  Consul  at 
Mosul  said  in  my  presence  at  the  German  Club  at  Aleppo 
that  he  had  seen  so  many  children's  hands  lying  hacked 
off  on  his  way  from  Mosul  to  Aleppo  that  one  could  have 
paved  the  road  with  them."  Referring  generally  to  such 
atrocities,  Doctor  Niepage  says :  "  '  That  is  the  teaching  of 
the  Germans,'  says  the  simple  Turk,  when  asked  about 
the  authors  of  these  measures." 

This  ghastly  and  ever-growing  record  of  outrage  and 
murder  is  another  answer  to  the  question :  "  What  are  we 
fighting  for?" 

The  Christ  of  Gethsemane,  of  Calvary,  died  for  man- 
kind— not  for  the  little  lives  of  men,  but  for  their  death- 
less souls.  And  surely  these  men  of  ours — made  in  the 
image  of  their  Maker — who  go  clear-eyed  and  brave  to 
battle  now,  could  have  no  nobler  mission  than  to  fight  for 
— and,  if  need  be,  die  for — that  invisible  flag  streaming 
high  above  those  far-flung  battle  lines,  the  Broad  Stand- 
ard of  Mankind ! 

It  is  for  these  reasons,  in  part,  that  America  goes  to 
war.  But  there  is  another  reason  that  is  stronger  still — 
that  strikes  more  closely  home.  It  is  this:  If  we  do  not 
swiftly  join  the  massed  forces  of  civilization  with  every 
ounce  of  our  available  strength,  Germany  will  win.  And 
then  we — single-handed — shall  have  to  fight  a  military 
colossus,  a  leviathan  of  the  seas,  grown  fat  and  gross  on 
the  booty,  the  blood,  and  tears  of  ravaged  Europe.  So, 
not  only  for  Europe's  sake,  but  to  keep  from  our  own 
shores  these  victorious  armies,  our  men  face  them  to-day. 

"  It  is  more  precious  that  America  should  live  than 
that  we  Americans  should  live,"  says  Secretary  Lane. 
And  to  save  that  America — its  honor,  its  ideals — to  stand 
side  by  side  with  that  old  motherland  of  ours,  with  wan 
and  wounded  France,  in  stopping  the  hideous  sacrifice  of 
gallant  men,  of  the  honor  of  gentle  women,  of  the  lives 
of  little  children,  the  American  flag  has  sailed  beyond  the 
sea  on  its  high  emprise  in  those  distant  fields  of  blood. 

And  so,  when  "  to  drum-beat  and  heartbeat "  our  lads 
go  marching  by,  let  a  smile  of  pride  break,  like  an  April 
sun,  thru  our  mist  of  tears.  For,  in  honor,  they  can  do 
no  other. 

Pray  that — if  God  will — they  may  come  home  to  us 
again.  But,  if  that  may  not  be,  we  shall  know  that  in  their 
stern  fight  they  have  kept  the  faith;  that  the  honor  of 
America  was  safe  in  those  pale,  rigid  hands.  And  wher- 
ever they  may  lie — in  dark  ocean  depths  or  on  some  green 
hill  far  away— they  will  be  "  wrapped  in  their  country's 
glory,  put  to  sleep  in  its  flag." 
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IN  view  of  the  existing  coal  shortage  and  the  consequent  urgent  necessity  for  economy  in  the  use  of  fuel  for 
domestic  heating,  it  becomes  the  patriotic  duty  of  every  citizen  to  study  and  to  practice  all  the  possible  ways  and 
means  for  helping  in  this  work.  The  fact  that  a  man  may  have  an  ample  coal  supply,  or  that  he  may  be  so  well  to 
do  financially  as  not  to  need  to  practice  economy  in  the  use  of  fuel,  does  not  relieve  him  of  the  duty  he  owes  to  the 
public  to  save,  that  others  may  not  suffer  by  his  negligence.  In  order  to  aid  in  the  present  situation,  the  "  Committee 
on  Fuel  Conservation  "  of  the  Engineers'  Club  of  Philadelphia  offers  the  following  suggestions: 


ELIMINATE  UNNECESSARY  HEATING 

1.  Reduce  living  quarters  to  a  minimum.  Gose  off 
unused  rooms,  and  shut  off  registers  and  radiators  (ex- 
cept in  case  of  hot-water  heating  systems,  in  which  the 
closing  of  radiator  valves  may  stop  the  circulation  in  the 
radiators  to  such  an  extent  as  to  allow  them  to  freeze), 
l'reezing  of  hot-water  radiators  when  the  valves  are  shut 
off  may  be  prevented  by  covering  the  radiator  with  a 
blanket  or  specially  constructed  hood. 

2.  Close  off  rooms  communicating  with  sleeping- 
rooms,  which  are  ventilated  at  night  by  open  windows,  to 
prevent  the  chilling  of  more  space  than  necessary. 

3.  Discontinue  heating  of  garages  which  are  not  used 
as  living  quarters.  If  the  garage  is  heated  by  a  hot-water 
system,  a  slow  fire,  sufficient  only  to  prevent  freezing, 
should  be  maintained.  Non-frcczing  fluids  can  be  used 
in  radiators  of  cars,  or  freezing  can  be  prevented  by  small 
gas  heaters,  or  by  an  electric  light  placed  under  the  hood, 
the  hood  and  radiator  being  well  covered  by  blankets. 

4.  Close  up  tightly  all  outside  openings  into  cellars 
and  basements.  Replace  any  broken  window  panes,  and 
chink  up  all  cracks  in  walls  and  floors  and  around  door 
and  window  frames.  Sufficient  ventilation  during  the  day 
will  usually  be  secured  in  the  necessary  opening  and 
closing  of  outside  doors  and  thru  crevices  under  doors 
and  about  the  window  sash.  Hot-air  heating  systems 
insure  good  ventilation,  but  defective  heaters  are  apt 
to  leak  gas  and  render  the  air  in  the  house  unfit  to 
breathe. 

5.  Have  windows  and  doors  weather  stripped  if  pos- 
sible. Storm  sashes  are  advised  for  windows  on  north 
and  east  side  of  house,  these  sashes  being  hinged  at  the 
top,  so  that  they  can  be  opened  at  night,  or  when  necessary 
to  secure  ventilation. 

6.  Provide  yourself  with  a  reliable  thermometer  and 
keep  house  heated  to  a  mean  tcm]>eraturc  not  exceeding 
70"  (thermometer  placed  at  a  height  of  5  feet  a1>ove  floor), 
unless  there  are  old  people  in  the  house  who  require 
warmer  quarters.  A  uniform  house  temperature  is  most 
desirable,  not  only  for  comfort  but  as  a  means  of  economy. 
To  insure  uniform  heating,  fires  should  be  attended  to 
regularly,  intelligently,  and  systematically. 
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7.  Small  families  can  sometimes  save  in  fuel  bills  by 
using  gas  or  kerosene  ranges  instead  of  coal  stoves  for 
cooking.  The  coal  range  will,  however,  be  cheaper  when 
it  serves  as  a  means  for  heating  a  part  of  the  house,  as  well 
as  for  cooking.  The  tireless  cooker  will,  in  many  in- 
stances, prove  effective  in  saving  fuel  bills. 

8.  Heating  requirements  may  be  further  reduced  by 
(o)  pulling  down  shades  at  dusk,  (b)  allowing  sun  to 
shine  in  rooms  during  the  day,  (c)  keeping  the  air  in 
rooms  moist,  by  placing  pans  filled  with  water  on  stoves 
and  steam  radiators,  and  (d)  by  checking  fire  when  occu- 
pants of  house  go  out. 

PUT  HEATING  APPARATUS  IN  ORDER 

9.  Thoroly  examine  your  heating  apparatus,  and  see 
to  it  that  it  is  in  first-class  condition.  If  you  have  any 
doubt  about  it,  call  in  a  reputable  heater  man  or  heating 
specialist,  and  promptly  act  on  his  advice. 

10.  See  that  your  furnace  or  boiler  is  clean  and  the 
grate  in  good  condition.  Make  sure  the  smoke-pipe  and 
chimney  flue  are  not  choked  up  with  soot. 

11.  See  that  smoke-pipe  is  provided  with  a  "turn 
damper"  and  a  hinged  "check  damper"  for  regulating 
the  draft.  A  wire  or  chain  should  be  attached  to  the  check 
damper  and  led  up  through  the  floor  above  so  that  the 
draft  can  be  regulated  by  hand  or  by  some  automatic 
means,  without  the  necessity  of  going  to  the  cellar. 

12.  In  the  case  of  hot-air  heating  systems,  see  that  all 
your  pipes,  from  the  heater  to  the  wall  flues,  are  tight  and 
uniformly  pitched.  The  pipes  should  be  well  covered 
with  asbestos  to  prevent  loss  of  heat,  unless  heat  is  re- 
quired in  the  cellar  to  properly  warm  the  floor  above. 
Tipes  supplying  air  to  rooms  not  in  use  should  have 
dampers  closed  off.  See  that  the  cold-air  pipe  to  the  heater 
is  intact,  tight,  of  ample  size,  and  clear  of  obstructions, 
and  that  the  air  is  taken  from  a  point  outside  where  whole- 
some air  will  be  obtained  and  where  the  winter  winds  will 
accelerate,  and  not  retard,  the  flow  of  air  into  the  pipe 
and  thru  the  heater.  In  some  cases  where  the  heater  is  too 
small,  it  may  be  necessary,  in  cold  weather,  to  take  a  por- 
tion of  the  air  supply  from  the  cellar. 


MARCH.     NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


COAL  THRIFT 


13.  //  gas  leaks  from  the  furnace  into  the  air  space, 
have  the  heater  repaired,  and  if  it  cannot  be  properly 
repaired,  have  it  replaced  before  the  next  heating  season. 
Many  old-style  heaters  now  in  use  are  very  inefficient,  and 
produce  a  most  unhealthy  atmosphere  in  the  rooms,  par- 
ticularly when  the  draft  is  checked. 

14.  See  that  the  water-pan  is  in  place,  and  keep  it  filled 
with  water. 

15.  In  the  case  of  hot-water  and  steam  heating  systems, 
see  that  the  boiler  and  the  pipes  in  the  cellar  are  well  cov- 
ered, to  prevent  loss  of  heat.  The  boiler  should  be  cov- 
ered with  a  gas-tight  magnesia  plastic  covering  not  less 
than  1V2  inches  thick,  and  the  supply  and  return  lines 
should  be  protected  by  standard  thickness  magnesia,  or 
other  good  pipe  covering  material.  Make  sure  the  baffle 
dampers  inside  of  heater  are  adjusted,  so  that  the  gases 
will  not  short-circuit  to  the  chimney. 

16.  See  that  fire  doors  and  ash  frit  and  cleaning  doors 
fit  up  tightly  when  closed.  It  is  usually  advisable  to  plas- 
ter around  cleaning  doors  with  magnesia  plastic  to  pre- 
vent ingress  of  air  when  the  draft  is  on,  and  the  escape 
of  gas  from  the  heater  when  the  draft  is  checked.  Mate- 
rial for  this  purpose  is  cheap  and  can  be  obtained  from 
any  pipe-covering  establishment. 

USE  SUITABLE  SIZE  OF  COAL,  IF  OBTAINABLE 

17.  Since  little  else  but  anthracite  fuel  is  used  for 
domestic  purposes  in  Philadelphia  and  vicinity,  the  sug- 
gestions made  below  regarding  coal  sizes  and  methods  of 
firing  will  apply  chiefly  to  this  class  of  fuel.  All  do- 
mestic sizes  of  anthracite  coal  have  practically  the  same 
heat  value.  Certain  sizes  arc,  however,  better  adapted  to 
given  purposes  and  conditions  than  other  sizes. 

18.  Egg  and  stove  coal  are  best  suited  for  large  fur- 
naces which  arc  fired  infrequently,  say  at  intervals  of  six 
to  twelve  hours.  Egg  coal  is  somewhat  cheaper  than  the 
stove  size,  and  is  adapted  to  furnaces  in  which  a  deep 
bed  of  fire  can  be  carried,  say  10  inches  to  15  inches. 
Unless  a  deep  bed  of  fire  is  maintained,  the  stove  size 
will  prove  more  economical  than  the  egg. 

19.  Chestnut  and  pea  sises  are  used  mostly  for  ranges, 
laundry  stoves,  and  other  small  furnaces  where  shallow 
fires  are  carried  and  where  the  fires  can  have  frequent 
attention,  The  chestnut  and  pea  sizes  can,  of  course,  be 
burned  in  heaters,  but  the  fires  must  have  attention  several 
times  a  day,  and  gas  explosions  are  apt  to  occur,  particu- 
larly with  the  pea  coal.  This  grade,  and  even  the  buck- 
wheat size,  can  be  successfully  and  very  economically 
burned  in  certain  furnaces  of  the  self-feeding,  or  maga- 
zine type. 

20.  As  a  general  rule,  the  harder  varieties  of  anthra- 
cite, such  as  the  "  Lehigh,"  give  better  service  for  do- 
mestic purposes.  However,  the  larger  sizes  of  the  more 
gaseous  or  "  free  burning  "  coals  are  very  satisfactory 
for  domestic  use. 

21.  IV hen  anthracite  coals  cannot  be  obtained,  semi- 
bituminous  or  "  steam  coals,"  or  coke,  may  be  burned  in 
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most  heaters  and  ranges  with  very  satisfactory  results, 
particularly  when  the  furnaces  are  given  a  little  intelli- 
gent attention.  No  family  need  suffer  if  it  can  obtain  a 
supply  of  such  fuel.  No  fear  need  be  entertained  about 
the  burning  out  of  grates,  particularly  if  the  ash  pits  are 
kept  clean.  It  is  a  good  plan  to  keep  a  little  water  in  ash 
pits,  especially  when  coals  show  a  tendency  to  clinker 
badly. 

22.  Do  not  be  induced  to  buy  "  fuel  compounds  "  or 
"  combustion  accelerators "  to  dissolve  in  water  and 
sprinkle  on  the  coal.  These  are  all  frauds  and  there  is 
absolutely  no  virtue  in  any  of  them. 

BURN  YOUR  COAL  ECONOMICALLY 

23.  Altho  every  case  requires  individual  study  and 
some  experimenting,  making  it  impossible  to  lay  down 
specific  rules  applicable  to  every  condition  of  domestic 
fuel  consumption,  the  following  considerations  are 
important : 

24.  Do  not  operate  your  heater  with  the  firing  door 
open.  The  admission  of  an  excessive  air  supply  is  one  of 
the  principal  sources  of  loss  in  the  operation  of  a  furnace, 
and  the  firing  door  should  not  be  left  open,  or  even  slightly 
ajar,  unless  the  fire  is  banked  or  the  weather  is  so  warm 
that  little  or  no  heat  is  required.  If  the  fire  burns  up  too 
quickly  when  the  firing  door  is  closed,  and  the  "  check 
damper  "  is  open,  the  draft  should  be  reduced  by  means 
of  the  "  turn  damper  "  in  the  smoke-pipe.  Frequently  the 
turn  damper  may  be  closed  completely  and  the  leakage 
past  it  may  still  be  sufficient  to  take  the  gas  away  from 
the  furnace  with  the  check  damper  open.  If  gas  leaks 
thru  the  upper  doors  of  the  heater  when  the  fire  is 
checked,  the  turn  damper  should  be  opened  slightly,  or 
the  joint  around  the  door  plastered  tight  to  stop  the 
leakage  (sec  Paragraph  16). 

In  the  case  of  hot-air  heaters,  if  the  gas  leaks  from 
the  furnace  into  the  air  space  when  the  fire  door  is  shut, 
and  the  fire  is  checked  as  above  described,  the  heater 
should  be  repaired  or  replaced  as  soon  as  possible.  The 
leakage  of  gas  from  the  heater  should  be  stopped,  one 
way  or  another,  as  it  makes  an  unhealthy  condition  in  the 
house,  and  may  even  result  in  asphyxiation. 

25.  Carry  a  deep  bed  of  fire  in  the  furnace.  A  deep 
fire  will  further  prevent  loss  from  excessive  air,  particu- 
larly when  egg  coal  is  used.  Keep  fire  bed  level  or 
slighty  higher  near  the  firing  door.  In  mild  weather  a 
bed  of  ashes  several  inches  thick  may  be  allowed  to  ac- 
cumulate on  the  gralc,  or  the  fire  may  be  checked  by 
throwing  a  shovelful  of  fine  coal  or  ashes  on  top  of  it. 
In  cold  weather  the  ashes  should  be  kept  well  shaken  out 
from  under  the  fire.  Cold  houses  often  result  from  the 
notion  that  a  thin  bed  of  fire  is  conducive  to  economy. 

26.  The  proper  amount  of  coal  to  be  fired  at  one  time 
will  depend  on  the  size  of  the  heater  and  when  and  how 
it  is  operated.  In  cold  weather,  from  60  to  75  pounds 
of  coal  per  square  foot  of  grate  area  will  usually  be  burned 
per  day  of  24  hours.   If  the  heater  is  of  ample  capacity, 
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from  one-half  to  two-thirds  of  the  day's  supply  may  be 
fired  at  the  time  the  fire  receives  its  principal  attention. 
If  the  heater  is  of  inadequate  capacity,  it  may  not  be 
possible  or  advisable  to  fire  more  than  one-third  of  the 
day's  supply  at  any  one  time.  If  the  heater  is  of  the  base- 
burning  or  magazine  type,  the  above  suggestions  will  not 
apply,  and  the  manufacturer's  instructions  for  operating 
should  be  followed. 

27.  Keep  the  grate  clear  of  ash  and  clinker,  particu- 
larly in  cold  weather.  Remove  clinkers  and  accumula- 
tions of  slate  and  other  non-combustible  matter  by  pass- 
ing the  hook  bar  along  the  grate,  thru  the  clinker  door 
usually  provided  on  furnaces  for  this  purpose.  As  above 
stated,  when  the  weather  is  mild,  it  is  advisable  to  let  a 
bed  of  ashes  several  inches  thick  accumulate  on  the  grate. 
In  shaking  down  the  fire  in  mild  weather,  stop  the  shaking 
when  the  first  sparks  begin  to  fall  thru.  In  cold  weather 
the  grate  should  be  shaken  until  pieces  of  live  coal  begin 
to  grind  thru  the  grate.  Ashes  should  be  sprinkled  with 
Water  before  withdrawing  from  ash  pit,  in  order  to  avoid 
dust. 

28.  Sat  e  unbumed  coal  in  ashes.  With  proper  grates, 
no  fuel  of  any  consequence  should  be  lost.  If  the  loss  is 
considerable,  the  grate  shoud  be  changed  or  the  ashes 
should  be  sifted.  The  necessity  of  sifting  ashes  should, 
however,  be  avoided  by  putting  the  grate  in  order. 

29.  Keep  gas  passages  in  heater  clean  and  free  from 
soot  by  cleaning  once  every  month  or  six  weeks. 

30.  Regulate  the  draft  carefully,  keeping  the  "  turn 
damper  "  open  only  enough  to  maintain  the  necessary  rate 
of  combustion  with  the  "  check  damper  "  closed,  and  to 
avoid  the  escape  of  gas  when  the  check  damper  is  open. 
Check  the  fire  by  means  of  the  check  damper  before  the 
house  gets  too  warm  and  it  becomes  necessary  to  open 
windows  to  reduce  the  temperature.  In  windy  weather 
the  normal  opening  of  the  turn  damper  should  be  reduced 
to  prevent  the  fire  burning  too  briskly. 

31.  Keep  the  ash  pit  clear  of  ashes,  and  carry  a  little 
water  in  the  bottom  of  the  ash  pit,  if  it  will  hold  water. 
This  will  protect  the  grate  and  tend  to  prevent  clinkcring. 

32.  The  proper  time  for  firing  furnaces  must  he  de- 
termined largely  by  the  household  routine,  and  the  duties 
and  spare  time  of  the  person  or  persons  who  must  look 
after  the  heater.  In  some  cases  it  is  more  convenient  to 
do  the  heavy  chores  at  night,  while  in  other  cases  the 
morning  may  be  preferred.  The  capacity  of  the  heater 
for  the  work  it  has  to  do  may  determine  the  times  when 


the  heater  must  receive  attention.  Whether  the  fires  are 
coaled  once,  twice,  or  three  times  a  day,  or  still  more 
frequently,  will  depend  on  the  size  or  coal  capacity  of  the 
heater  installed.  In  cold  weather  the  fires  may  require 
fuel  every  six  hours,  and  may  need  to  be  shaken  down 
in  the  morning  as  well  as  at  night,  whereas,  in  warm 
weather,  much  less  frequent  attention  is  necessary.  As 
a  general  rule,  it  is  best  to  shake  down  the  fire,  coal  it  up 
heavily,  and  remove  the  ashes  once  a  day.  Where  thermo- 
stat and  clock  control  devices  are  installed,  it  is  better  to 
give  the  fires  their  principal  attention  late  at  night. 

USE  BITUMINOUS  COAL  IP  NECESSARY 

33.  //  a  \uxrd  coal  supply  cannot  be  obtained,  and  it 
is  possible  to  get  soft  coal,  do  not  hesitate  to  use  it.  The 
grates  of  house  heating  furnaces  may  not  be  exactly  suited 
for  this  fuel,  but,  by  using  plenty  of  kindling,  and  build- 
ing the  fire  carefully,  and  shaking  it  cautiously  afterward, 
very  satisfactory  results  may  be  obtained. 

34.  A  fairly  deep  bed  of  fire,  say  8  inches  to  12 
inches  thick,  should  be  maintained,  and  the  fire  should  be 
watched  and  the  draft  carefully  regulated  until  the  proper 
conditions  of  operation  are  determined.  The  fuel  beds 
should  be  kept  free  from  clinkers,  but  excessive  shaking 
of  grates  should  be  avoided.  The  fire  should  be  made  to 
burn  evenly  over  the  whole  grate  by  occasionally  stirring 
the  top  of  it  with  a  poker. 

35.  In  firing  fresh  coal,  the  draft  should  be  increased 
and  the  slide  in  the  fire  door  opened,  to  burn  off  the  gases, 
after  which  the  draft  should  be  regulated  to  properly 
check  and  maintain  the  fire.  It  is  not  advisable  to  fire  soft 
coal  evenly  over  the  whole  of  the  grate,  but  to  heap  the  coal 
on  the  front  portion  of  the  fuel  bed,  leaving  the  back 
of  the  fire  thin.  This  method  of  firing  will  allow  the 
gases  to  distil  off  and  ignite  and  will  prevent  explosions. 
When  the  back  portion  of  the  fuel  bed  becomes  too  thin, 
a  portion  of  the  live  coals  from  the  front  should  be 
pushed  to  the  back  of  the  furnace,  and  fresh  coal  heaped 
in  the  front. 

36.  In  mild  weather  a  layer  of  ashes  should  be  allowed 
to  accumulate  under  the  fuel  bed.  An  ash  bed  will  further 
serve  to  retard  combustion  during  the  night. 

37.  In  banking  the  fire  for  the  night  a  heavy  bed  of 
coal  should  be  fired  in  front  and  the  draft  should  be  left 
on  for  ten  or  fifteen  minutes,  until  the  gases  have  become 
thoroly  ignited.  The  heater  can  then  be  shut  up  and  the 
draft  checked  the  same  as  when  burning  anthracite  coal. 
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REGULAR  MEETING 
At  Drexel  Institute,  Monday,  March  18,  1918,  8.15  P.M. 

The  address  of  the  evening  will  be  made  by  Mr.  John  S.  Rossell,  President, 
Security  Trust  and  Sale  Deposit  Company,  Wilmington,  Delaware,  on 

"The  Measure  of  our  Sacrifice  in  the  Present  World  Conflict" 

Members  of  Affiliated  Societies  are  cordially  invited  to  attend. 

Members  of  the  Club  and  Affiliated  Societies  are  privileged  to  invite  ladies. 

Mr.  Ro&scll  will  discuss  the  subject  from  the  point  of  view  that  no  sacrifice  is  too  great  to 
make  for  one's  country.  True  devotion  to  American  ideals  finds  its  best  expression  in  defending 
and  advancing  those  ideals.  The  privileges  of  our  citizenship  impose  upon  us  the  correlative 
obligation  of  rendering  to  the  Government  the  fullest  measure  of  service,  whatever  we  may  be 
compelled  to  surrender  in  order  to  make  that  service  acceptable.  In  this  spirit  and  with  this 
purpose  only  can  we  hope  to  win  the  war.  The  American  Engineers  have  shown,  by  their  patri- 
otic response  to  the  Nation's  call,  that  they  are  ready  and  willing  to  sacrifice  all  they  have  and 
all  they  hope  for  that  the  cause  for  which  we  give  battle — the  righteous  cause  of  justice  and 
freedom — may  be  triumphant  thruout  the  world. 


Photo  b>  H'm.  .SktmU  Ettis 

JOHN  S.  ROSSELL 


MEETING  FOR  JUNIOR  MEMBERS 

Tuesday,  March  12,  1918,  Meeting  at  the  Engineers'  Club 

The  following  papers  will  be  presented: 

"  Crucible  Process  of  Making  Steel."   By  A.  de  Macedo 
"  Waste  Heat  Boilers."   By  M.  G.  Bittel 


SPECIAL  MEETING 
At  Witherspoon  Hall,  Wednesday,  March  27, 1918,  8.15  P.M. 

The  address  of  the  evening  will  be  made  by  Mr.  Howard  E.  Coffin,  Chairman,  the  Aircraft  Board. 


PRELIMINARY  ANNOUNCEMENTS 

Tuesday,  April  16.  1918.  8.15  P.M..  at  Witherspoon  Hall,  Morris  Jastrow,  Jr.,  PhD.,  LLJX,  Librarian, 
University  of  Pennsylvania,  and  Professor  of  Semitic  Languages,  will  present  an  address  on  "  The  War  and  the  Eastern 
Question." 

Tuesday.  May  SI,  WIS.  8.15  P.M..  tit  the  Club  House.  Address  to  be  made  by  retiring  President,  Major 
John  A.  Vogleson. 

Tuesday.  June  18,  1918,  8.15  P.M.,  at  the  Club  House.  The  Junior  Prize  paper  will  be  presented  by  the  author. 
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SCHEDULE  OF  MEETINGS 

THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

MARCH,  1918 


Wednesday, 

March   6,  1918 

Technology  Club  of  Philadelphia                      Engineers'  Club 
"Steam  Turbines" 
H.  L.  Moody 

(Informal  dinner  at  6.30  p.m.,  preceding  the  meeting) 

8.15  p.m. 

Thursday, 

March  7,1918 

Worcester  Tech  Club 
Annual  Meeting  and  Banquet 
Dr.  Ira  N.  Hollis 

6.30  p.m. 

Monday, 

March  11, 1918 

American  Institute  of  Electrical  Engineers            Engineers'  Club 
"  Use  of  Electricity  on  Ships  and  in  Shipbuilding  " 
H.  A.  Horner 

8.15  p.m. 

Tuesday, 

March  12, 1918 

Junior  Meeting 

"  Crucible  Process  of  Making  Steel  *' 

A.  de  Macedo 
"Waste  Heat  Boilers'* 

M.  G.  Bittel 

Engineers'  Club 

8.15  p.m. 

Thursday, 

March  14, 1918 

American  Society  of  Heating  and  Ventilating 
Engineers 

(Second  Anniversary  Dinner  at  6.30  p.m.) 
J.  A.  Steinmetz 

Engineers'  Club 

8.15  p.m. 

Friday, 

March  15, 1918 

Illuminating  Engineering  Society 
"  The  Esthetics  of  Street  Lighting  " 
S.  E.  Doane 

Engineers'  Club 

S.00  P.M. 

Monday, 

March  18, 1918 

Regular  Business  Meeting  Engineers'  Club 
"  The  Measure  of  Our  Sacrifice  in  the  Present 
World  Conflict" 
John  S.  Rossell 

Drexel  Institute 

8.15  P.M. 

Monday, 

March  26, 1918 

Philadelphia  Safety  Council 

Engineers'  Club 

8.15  P.M. 

Tuesday, 

March  26, 1918 

American  Society  of  Mechanical  Engineers 
"  Recent  Developments  in  Material  Specifications 
Dr.  S.  W.  Stratton 

Engineers'  Club 

8.15  p.m. 

" eanesaay, 

iviarcn  4i,  min 

Special  Meeting  Engineers'  Club 
Howard  E.  Coffin 

Witherspoon  Hall 

8.15  p.m. 

Thursday, 

March  28,  1918 

Society  of  Automotive  Engineers 

Engineers'  Club 

8.15  p.m. 

Monday, 

April     1, 1918 

American  Society  of  Civil  Engineers 

Engineers'  Club 

8.15  p.m. 

April     3, 1918 

Technology  Club 

Engineers'  Club 

8.15  p.m. 

Thursday, 

April     4, 1918 

Worcester  Tech  Club 

Engineers'  Club 

8.15  p.m. 

Monday, 

April     8, 1918 

American  Institute  of  Electrical  Engineers 

Engineers'  Club 

8.15  p.m. 

Tuesday, 

April     9, 1918 

Junior  Meeting 

Engineers'  Club 

8.15  p.m. 

Thursday, 

April  11,1918 

American  Society  of  Heating  and  Ventilating 

Engineers'  Club 

8.15  p.m. 

Engineers 
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CALENDAR  OF  REGULAR  MEETINGS 

THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

1918 


DAT  Or  MONTH  AND  WEEK  NA  MB  OP  SOCtBTT 

First  Monday  American  Society  of  Civil  Engineers 

April  1. 

Second  Monday  American  Institute  of  Electrical  Engineers 

March  11,  April  8,  May  13,  June  10. 

Third  Monday  Engineers'  Club  (March) 

March  18. 

Fourth  Monday  Philadelphia  Safety  Council 

March  25,  April  22,  May  27,  June  24. 

Second  Tuesday  Engineers1  Club  (Junior  Meeting) 

March  12,  April  9. 

Third  Tuesday  Engineers'  Club 

April  16,  May  21,  June  18. 

Fourth  Tuesday  American  Society  of  Mechanical  Engineers 

March  26,  April  23,  May  28.  June  25. 

First  Wednesday  Technology  Club 

March  6.  April  3,  May  1,  June  5. 

First  Thursday  Worcester  Tech  Club 

March  7,  April  4,  May  2,  June  6. 

Second  Thursday  American  Society  of  Heating  and  Ventilating  Engineers 

March  14,  April  11.  May  9,  June  13. 

Fourth  Thursday  Society  of  Automotive  Engineers 

March  28,  April  25,  May  23,  June  27. 

Third  Friday  Illuminating  Engineering  Society 

March  15,  April  19,  May  17,  June  21. 


Engineers'  Club  Meetings  at  Witherspoon  Hall  will  be  as  follows: 

Wednesday,  March  27,  Tuesday,  April  16,  Engineers'  Club  Meetings. 

Members  of  all  Affiliated  Societies  are  invited  to  these  meetings. 
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SECRETARY'S  NOTICES 


At  the  call  of  the  President,  a  Business  Meeting  of  ihc  Club  will  be  held  Monday  evening, 
March  IS,  WIS,  at  8:15  o'clock,  at  the  Drexci  Institute. 

The  Committee  on  Nominations  will  present  its  report  at  this  meeting. 

The  report  of  the  Tellers  on  the  vote  on  amendments  to  the  By-Laws,  Article  I,  Section  2, 
and  Article  VII,  Section  2,  will  be  announced. 


ABSTRACT  OF  MINUTES  OF  THE  SPECIAL 
MEETING  OF  THE  CLUB 

HELD  TUESDAY  BVEHIHO.  JANUARY  2*.  Mil 

The  meeting  was  called  to  order,  at  the  Club  House, 
at  8:15  p.m.,  by  Past  President  S.  M.  Swaab.  About  250 
members  and  guests  were  in  attendance. 

The  address  of  the  evening,  "  The  Heavy  Oil  Kngine," 
was  presented  by  Dr.  Charles  E.  Lucke,  of  Columbia  Uni- 
versity, and  was  discussed  by  Messrs.  Newkirk,  Boyd, 
Hering,  Steinmctz,  and  Bonine. 

A  unanimous  vote  of  thanks  was  extended  to  the 
speaker. 

The  meeting  adjourned  at  10:45  p.m. 

ABSTRACT  OF  MINUTES  OF  THE  SPECL\L 
MEETING  OF  THE  CLUB 

HELD  WEDNESDAY  EVEHIHG,  FEBRUARY  6,  1918 

The  meeting  was  called  to  order,  at  the  Club  House, 
at  8.15  p.m.,  by  Mr.  J.  A.  Steinmetz.  About  200  members 
and  guests  were  present. 

The  address  of  the  evening,  "  Port  and  Terminal  Fa- 
cilities," was  delivered  by  Dr.  R.  S.  MacElwee,  of  Co- 
lumbia University,  and  was  discussed  by  Messrs.  Web- 
ster and  Ballinger. 

A  unanimous  vote  of  thanks  was  extended  to  the 
speaker. 

The  meeting  adjourned  at  10.35  p.m. 

ABSTRACT  OF  MINUTES  OF  THE  BUSINESS 
MEETING  OF  THE  CLUB 

HELD  TUESDAY  EVEHIHG,  FEBRUARY  1%  Ml 

The  meeting  was  called  to  order  at  the  Club  House  at 
8:15  p.m.  About  200  members  and  guests  were  in  at- 
tendance. 

The  minutes  of  the  Business  Meeting  of  January  16, 
1918,  as  printed  in  the  Jol'knal.  were  approved. 

It  was  announced  that  the  Board  of  Directors,  at  its 
last  meeting,  elected  the  following  to  membership:  Active, 
eleven ;  Junior,  seven. 

The  following  motion  was  unanimously  carried : 

"  That  it  is  the  sense  of  this  meeting  that  the  pro- 
posed amendments  to  Article  1  and  Article  VII  of  the 
By-Laws,  as  recommended  by  the  Hoard  of  Directors,  be 
adopted  as  presented." 


II.  A.  Stocklv,  Secretary. 

The  opinion  of  many  present  was  expressed  to  the 
effect  that  the  members  would  appreciate  a  brief  state- 
ment from  the  Board  of  Directors  as  to  the  financial 
needs  of  the  Club  which  make  these  amendments 
necessary. 

The  address  of  the  evening,  "  Is  Our  Fuel  Supply 
Ncaring  Exhaustion  ? "  was  presented  by  Dr.  Robert  H. 
Eernald,  Club  member  and  member  of  the  U.  S.  Govern- 
ment Committee  of  Consulting  Engineers  on  Coal  Conser- 
vation and  Publicity.  The  paper  was  discussed  by  Messrs. 
Trautwine,  Nichols,  Hering,  Price  and  Maigncn. 

The  meeting  adjourned  at  10:15  p.m. 

SPECIAL  MEETING  OF  THE  BOARD 
OF  DIRECTORS 

FEBRUARY  5,  WW 

The  meeting  was  called  to  order  at  7  p.m.,  with  Vice- 
Presidents  Yarnall  and  Eglin,  Directors  Eernald,  Gant, 
J.  C.  Wagner,  Kenney,  Eorstall,  Bullcns,  Past  Presidents 
Ledoux  and  Carter,  Treasurer  Stevens,  and  Secretary 
Stockly  in  attendance.  President  Vogleson,  Vice-Presi- 
dent Andrews,  Directors  Hayward,  Henderson,  Moody, 
R.  M.  Barr,  and  Past  President  Swaab  were  absent  and 
excused.  Directors  S.  T.  Wagner,  Ehle,  and  G.  W.  Barr 
were  absent. 

The  Committee  on  Finance  presented  a  report,  sug- 
gesting the  following  amendments  to  the  By-Laws: 

Amend  Article  I,  Section  2;  by  adding: 

"  Active  Resident  Members  shall  not  exceed  one  thou- 
sand eight  hundred  in  number  at  any  time." 

Amend  Article  VII,  Section  2,  by  striking  out  "an- 
nually "  and  substituting  "  semi-annually,"  by  adding 
after  "  April  "  *'  and  October,"  and  by  striking  out  $15.00 
after  Resident  Members  and  substituting  $25.00,  so  that 
Article  VII,  Section  2,  shall  read  as  follows: 

*'  The  membership  dues  shall  be  payable  semi-annu- 
ally in  advance  on  the  first  day  of  April  and  October,  and 
shall  be  as  follows : 

Active  Resident   Members   $2500 

Resident  Juniors    to.oo 

Non-resident  Members  (all  classes)   to.oo 

The  Board  approved  the  proposed  amendments,  and 
ordered  that  they  be  issued  to  the  membership  in  the 
regular  way. 
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It  was  further  ordered  that  a  business  meeting  of  the. 
Club  be  called  for  February  19,  1918,  for  presentation 
and  discussion  of  the  amendments,  and  that  arrangements 
be  made  for  the  delivery  of  a  paper  on  that  evening. 

Mr.  Stevens,  as  chairman  of  the  Committee  on  By- 
Laws,  was  empowered  to  present,  cither  thru  the  mail  or 
otherwise,  as  he  might  deem  advisable,  the  By-Laws  re- 
vision, as  proposed  by  the  Board,  and  to  explain  the 
object  of  the  revision  at  the  business  meeting  of  the  Club, 
February  19,  1918. 

The  following  motion,  adopted  at  the  regular  meeting 
of  the  Board  held  September  11,  1917: 

"  That  the  dues  of  any  member  of  the  Club 
who  is  in  active  service  in  the  Army  or  Navy  be 
automatically  remitted  while  he  is  in  service,  dur- 
ing the  duration  of  the  war ;  and  that  those  mem- 
bers in  the  service  who  have  tendered  their 
resignations,  or  requested  remission  of  their 
dues,  be  notified  of  this  action  of  the  Board," 
upon  the  recommendation  of  the  Finance  Committee,  was 
amended  to  read  as  follows: 

"  The  dues  of  any  member  of  the  Club  who 
is  in  active  service  in  the  Army  or  Navy  be  re- 
mitted while  he  is  in  service,  during  the  duration 
of  the  war,  upon  application  to  the  Secretary  of 
the  Club  for  such  remission." 
This  motion  to  apply  to  the  next  fiscal  year,  April  1, 
1918,  to  March  31,  1919. 

ABSTRACT  OF  MINUTES  OF  REGULAR  MEET- 
LNG  OF  THE  BOARD  OF  DIRECTORS 

HELD  FEBRUARY  1*  ltll 

The  meeting  was  called  to  order  at  7  p.m..  with  Vice- 
President  Yarnall,  Directors  Fernald,  Gant,  S.  T.  Wagner, 
Forstall,  R.  M.  Barr,  Douglas,  Past  Presidents  Swaab  and 
Carter,  Treasurer  Stevens,  and  Secretary  Stockly  in  at- 
tendance. President  Voglcson,  Vice-President  Andrews. 
Directors  Henderson,  J.  C.  Wagner,  Kenney,  Moody,  and 
G.  W.  Barr  were  excused.  Vice-President  Eglin,  Di- 
rectors Hay  ward,  Bullens,  F.hle,  and  Past  President 
Ledoux  were  absent. 

The  minutes  of  the  Regular  Meeting  of  January  8, 
1918,  as  issued  to  the  members  of  the  Board,  were  ap- 
proved. The  action  taken  at  the  Special  Meeting  of  the 
Board  on  February  5,  1918,  as  set  forth  in  the  minutes 
issued  to  the  Board,  were  approved,  no  quorum  having 
been  present  at  that  meeting. 

REPORT  OF  THE  PRESIDE HT 

A  letter  was  read  from  President  Vogleson,  tendering 
his  resignation  as  president  of  the  Club,  due  to  his  having 
entered  the  active  service  of  the  Government,  but  the 
resignation  was  not  accepted,  as  it  was  the  expressed  de- 
sire of  the  Board  that  Mr.  Voglcson  remain  as  president 
for  the  remainder  of  his  term. 

The  resignation  of  Mr.  Clayton  W.  Pike  as  chairman 
of  the  Committee  on  Increase  of  Membership  was  pre- 


sented, owing  to  the  fact  that  he  has  entered  active  Gov- 
ernment service,  and  the  resignation  was  accepted  with 
regret,  Mr.   Yarnall  being  empowered  to  appoint  a 

successor. 

REPORT  OF  THE  SECRETARY 

Resignations  from  the  following  members  in  good 
standing  were  presented  and  accepted  as  of  March  31. 
1918: 


C.  J.  Allen 
H.  L.  Rauder 
C.  W.  Bosler 
Charles  M.  Clark,  Jr. 
Baltzar  de  Mare 
Joseph  T.  Dingee 


J.  Arthur  Hayes 
Charles  H.  Lawall 

G.  Lewi*  Mayer 
A.  S.  Royal 
Robert  T.  Stctler 

H.  C.  Toomcy 
W.  D.  Weaver 

Announcement  is  made  of  the  death,  on  September 
25,  1917,  of  Mr.  R.  M.  Wilson,  Active  Member. 

The  following  have  been  transferred  to  the  Life  Mem- 
bership list : 

J.  K.  Stevens  M.  A.  Sherritt 

H  P.  Gant  Wm.  H.  Walters 

The  Philadelphia  Safety  Council,  at  its  meeting  on 
January  15,  1918,  appointed  the  following  representatives 
on  our  Board  and  committees: 

Board  of  Directors,  James  B.  Douglas. 

Committee  on  Meetings,  C.  C.  Black. 

Committee  on  Public  Relations.  H.  W.  Forster. 

Associate  Editor  on  Club  Journ  al,  A.  C.  Christie. 

Mr.  S.  Howard  Penncll,  whose  resignation  as  an 
Active  Member  in  good  standing  was  accepted  at  the 
November  13,  1917,  meeting  of  the  Board,  to  take  effect 
March  31,  1918,  requested  reinstatement,  and  the  request 
was  granted. 

REPORT  OF  THE  TREASURER 

The  report  of  the  Treasurer,  showing  unexpended  bal- 
ances in  present  fiscal  appropriations,  was  accepted  by 
the  Board. 

REPORT  OF  THE   COMMITTEE   ON  HOUSE 

The  Committee  reported  that,  for  the  month  of  Janu- 
ary, the  deficit  in  the  restaurant  was  $87,  the  lowest  figure 
since  April,  1917. 

It  was  further  reported  that,  in  order  to  increase  the 
patronage,  u|>on  the  completion  of  the  new  dining-room, 
a  special  platter  luncheon,  at  fifty  cents,  would  be  served. 

The  report  was  accepted  and  the  House  Committee 
congratulated. 

It  was  suggested  that  periodical  informal  luncheons  be 
held,  with  a  speaker  on  some  popular  subject. 

REPORT  OF  THE  COMMITTEE  OH  MEMBERSHIP 

Upon  re|K)rt  and  recommendation  of  the  Committee, 
th^  following  were  elected: 

To  Active  Membership: 

Victor  J.  Roberts  Robert  Lacy 

Frank  C.  Anderson  Krnest  C  Leete 

Kdwards  R,  Fish  Royal  McGeorge 

Lloyd  W.  Fitzgerald  Chester  R.  Mi'sner 

Samuel  Frank  John  S.  Rowan 

Walter  J.  Schopp 
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To  Junior  Membership : 

Charles  S.  Ballantine 
Stewart  C.  Barnett 
Norman  C.  Bye 


D.  Clark  Cleaver 
Daniel  P.  Ogden 
Samuel  I.  Sacks 


Harry  R.  West 

REPORTS  OP  SPECIAL  COMMITTEES 
BaJMIaC  ComntttH 

The  Committee  reported  that  the  work  on  the  main 
dining-room,  ladies'  dining-room,  kitchen,  and  new  offices 
k  progressing  favorably,  and  it  is  hoped  to  have  them  com- 
pleted by  the  end  of  February,  provided  sufficient  work- 
men can  be  secured. 


t  Put 

The  Committee  presented  a  report,  containing  a  set 
of  rules  drafted  by  its  members,  regarding  conservation 
in  the  use  of  fuel  for  domestic  purposes,  and  requested 
the  Board's  approval  of  the  rules,  suggesting  that  they  be 
given  publicity,  in  the  name  of  the  Engineers'  Club,  in 
the  public  press  and  the  Club  Journal. 

The  report  was  approved,  and  the  function  of  the 
Committee  extended  to  secure  the  publication  of  the  rules 
in  the  public  press  and  in  any  other  publications  it  may 


fit. 


H. 


A.  Stockly, 
Secretary. 


POSITIONS  WANTED 

Graduate  of  U.  of  P.,  Civil  Engineering.  "14, 
concret-  construction  work,  railroad,  and  building, 
tion.  Apply  Engineers'  Club,  No.  192. 


in 
posi- 


Industrial  engineering  organization  with  wide  acquaintance 
among  power  users,  desirous  to  represent  a  reliable  firm  for  the 
of  marketing  a  high-grade  article  or  technical  equip- 
Apply  Engineers'  Club.  No.  193. 


Civil  and  constructing  engineer,  with  IS  years'  experience  on 
heavy  construction  and  railroad  work,  including  masonry  and 
concrete  construction,  and  track  laying,  diamond  drill  work;  also 
■*  years'  experience  on  municipal  work  and  all  forms  of  road 
building,  desires  to  connect  himself  permanently  with  engineering 
Apply  Engineers'  Club.  No.  194. 


POSITIONS  OPEN 

Wanted— Technical  graduate  with  a  mechanical  turn  of 
to  assist  in  making  layouts  of  industrial  sub-stations,  electrical 
installations  for  factories,  and  other  duties,  usually  associated 
with  power  engineering  work,  for  Central  Station  Company  in 
Eastern  Pennsylvania.  Please  state  age,  details  of  experience, 
salary  expected,  and  references  in  first  letter.  Apply  Engi- 
neers' Club,  No.  187-a. 

Wanted— High-grade  mechanical  engineers  of  construction 
experience  for  work  on  powder  and  explosive  plants  for  United 
States  Government.  Please  state  age,  nationality,  experience,  ref- 
erences, and  salary  desired.  Apply  Engineers'  Club,  No.  188-a. 

Wanted— High-grade  salesman  or  sales  engineer  to  cover 
local  field  for  large  machine  tool  house.  Must  be  of  good  per- 
sonality and  not  over  40  years  of  age.    Apply  Engineers'  Club, 

No.  189-a. 

Civil  engineers  wanted  for  general  survey  work  in  housing 
development ;  including  chief-of-party.  instrument  mat,  rodmen 
and  draftsmen.    Apply  Engineers'  Club,  No.  191-a. 


RESTAURANT  CHANGES 

At  a  formal  dinner,  held  March  5th,  the  men's  new  din- 
ing-rooms were  opened  and  turned  over  to  the  members  for 
daily  use. 

In  this  connection  the  members  are  invited  to  note  that 
a  grill  luncheon  at  50  cents  has  been  added  to  the  regular 
service. 

The  ladies'  dining-room  is  nearing  completion,  and  notice 
concerning  its  opening  and  use  will  be  made  at  an  early  date. 
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JUNIOR  SECTION 


T 


S   Dr.  W.  M.  Boebu,  Chairman  Ex  Oficin  H.  I.  Goldstiin,  Chairman 


A.  P.  Godsuo,  Secretary  = 
IHBIIIlllllllllllllllllllllllllinilimilillalUlllllill 


THE  regular  monthly  meeting  of  the  Junior  Section 
was  held  on  Tuesday  evening,  February  12,  1918, 
at  the  Club  House,  Mr.  H.  I.  Goldstein,  chairman, 
presiding. 

The  resignation  of  Mr.  A.  B.  Bishop  as  secretary  was 
announced,  and  Mr.  A.  P.  Godsho  was  appointed  to  fill 
this  position.  Mr.  M.  G.  Bittel  was  appointed  chairman 
of  the  Club  and  Public  Relations  Committee,  succeeding 
Mr.  Godsho. 

Mr.  Zoole  moved  that  we  send  a  letter  of  thanks  to 
Mr.  Bishop  in  recognition  of  his  services  to  the  Junior 
Section.  The  resolution  was  adopted. 

Mr.  Goldstein  brought  up  the  subject  of  the  proposed 
increase  in  dues,  now  under  discussion  among  the  Active 
Members,  and  expressed  the  opinion  that  the  Junior 
dues  be  raised  from  $10  to  $15  per  annum  and  the  age 
limit  be  extended  from  27  years  to  30  years.  In  this  way, 
he  contended,  it  would  be  possible  to  build  up  an  active 
Junior  Section  instead  of  automatically  making  Active 
members  who  are  active  in  name  only.  There  was  some 
discussion  of  the  matter,  and  Mr.  Goldstein  decided  to 
take  the  matter  up  with  the  proper  authorities. 

The  Papers  Committee  announced  the  papers  for  the 
next  meeting,  March  12,  1918:  "Crucible  Process  of 
Making  Steel,"  by  Mr.  A.  de  Maccdo,  and  "  Waste  Heat 
Boilers,"  by  M.  G.  Bittel. 

Mr.  E.  M.  Bredin  read  his  paper,  "  Electricity  as  Ap- 
plied to  Traction." 

Mr.  Bredin  grouped  the  systems  of  Electric  Traction 
now  in  use  under  four  headings: 

I-ow  Tension— Direct  Current. 
High  Tension — Direct  Current. 
High  Tension — Alternating     Current  —  Single 
Phase. 

High  Tension— Alternating     Current  —  Three 
Phase. 


Each  one  was  briefly  described  and  prominent  ex- 
amples of  each  were  illustrated.  Generation,  primary  and 
secondary  transmissions,  motors  and  control  equipment 
were  touched  upon  and  the  relative  advantages  of  various 
types  were  compared.  The  conditions  under  which  each 
system  could  be  most  advantageously  applied  were  shown 
and  examples  of  representative  installations  cited.  The 
paper  was  concluded  by  touching  upon  the  electrification 
of  existing  steam  roads  and  terminals,  and  the  possibilities 
of  the  use  of  high  tension,  single  phase,  alternating  cur- 
rent in  the  future  for  electric  traction  work. 

The  lively  discussion  which  followed  showed  the  in- 
terest with  which  this  paper  was  received. 

A  vote  of  thanks  was  extended  to  Mr.  Bredin  for  his 
very  interesting  paper.  An  informal  smoker  followed 
the  meeting. 

Doctor  Boehm  calls  attention  to  the  fact  that  the  prize 
of  $50  in  cash  offered  by  the  Club  last  year  for  the  best 
paper  presented  by  a  Junior  member  has  again  been  of- 
fered this  year,  but  that  up  to  the  present  time  no  papers 
have  been  submitted.  I-ast  year  there  were  several  papers 
presented  in  this  competition,  and  this  year  there  is  no 
reason  to  expect  that  there  will  be  fewer  papers  for  the 
judges  to  choose  from.  However,  time  is  getting  short 
and  a  good  paper  takes  some  little  time  to  get  up.  Is 
there  any  reason  why  the  judges  should  not  have  at  least 
twenty  papers  to  study  and  compare  ? 

In  order  that  the  work  of  the  Junior  Section,  now  so 
well  begun,  may  not  suffer  during  the  period  of  inac- 
tivity this  summer,  and  that  it  may  start  again  in  the  fall 
with  the  minimum  of  friction,  officers  for  the  next  year 
must  be  chosen.  For  this  reason  a  committee  has  been 
appointed  to  look  after  this  matter,  and  a  report  from 
them  will  be  expected  at  the  next  monthly  meeting.  New 
officers  will  be  chosen  at  the  April  meeting,  April  9,  1918. 
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COMMITTEE  ON  MEMBERSHIP 

D.  ROBERT  YARNALL,  Chairman 


CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  March  11a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club,  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


West  Branch  Y.M.C.A..  Philadelphia,  Pa. 
Electrical  Engineer,  Electric  Furnace  Construction 
Proposed  by  F.  J.  Ryan  and  Lewis  H.  Kenney. 


WILLIAM  J.  L.  ROOP 

Harwood  Avenue,  Kirklyn,  Pa. 
General  Superintendent,  Delaware  River  Dredging  Company. 
Proposed  by  George  F.  Pawling  and  James  L.  Fawley. 

HARRY  J.  STOCKUM 

Drexel  Building,  Philadelphia,  Pa. 
Civil  Engineer,  Auto  Appliance  Company. 
Proposed  by  J.  H.  Van  Stiver  and  E.  F.  Cobb. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

VERHOJt  FOREST  ALLEY 

231  South  Fortieth  Street,  Philadelphia,  Pa. 
Industrial  Fuel  Engineer,  United  Gas  Improvement  Company. 
Proposed  by  J.  C.  Vogel  and  Joseph  B.  Seaman. 

CLARBKCB  E.  FAIRBANKS 

4829  Walnut  Street,  Philadelphia,  Pa. 
Manager  Electrical  Department,  H.  W.  Johns-Manville  Company. 
Proposed  by  John  E.  Dolbow  and  Issachar  Murray. 

MILTOH  W.  FRABKIIH 

240  West  Somerset  Street,  Philadelphia,  Pa. 
Consulting  Engineer.  E.  F.  Houghton  &  Co. 
Proposed  by  R.  H.  Horton  and  Lewis  H.  MacLaughlin 

JAMES  WESLEY  GALLOWAY 

2nd  Lieut.,  Co.  B.,  103rd  Regiment  Engineers,  Camp  Hancock,  Ga. 
Formerly  Gas  Engineer,  United  Gas  Improvement  Company. 
Proposed  by  J.  S.  Bradford,  Charles  Eleock,  and  William  M. 
White. 

JAMES  C.  GODDARD 

66  East  Penn  Street,  Germantown,  Philadelphia,  Pa. 
Sales  Engineer,  Knight  &  Thomas,  Inc.,  Boston,  Mass. 
A  C.  Roew  &  Son.  280  Broadway,  New  York  City. 


HAROLD  S.  HAYDEH  2  d  Li         C     J     1       1  1 

2nd  Lieut.,  103rd  Regiment  Engineers,  Camp  Hancock,  Ga.  Hancock,  Augusta,  Ga. 

Assistant  to  Publicity  Manager,  Bell  Telephone  Company.  Formerly  with  Pennsylvania  Railroad. 

Proposed  by  J.  S.  Bradford,  Charles  Eleock,  and  William  M.  propo„d  by  j  s  Bradfordi  q^,,,             Md  wmiam  M. 


37  South  Fiftieth  Street.  Philadelphia,  Pa. 
Sales  Engineer,  A.  B.  Kirschbaum  Company. 
Proposed  by  Alfred  D.  Morris  and  C.  F.  Bodley. 

FLOYD  W.  WOODCOCK 

107  Main  Street,  Salisbury.  Md. 

General  Superintendent,  Eastern  Shore  Gas  and  Electric  Com- 
pany. 

Proposed  by  Charles  G.  Cope  and  James  L.  Fawley. 

FOR  ELECTION  TO  JUNIOR  MEMBERSHIP 


White, 

LEIF  E.  HORBOM 

237  East  Johnson  Street,  Philadelphia,  Pa. 
General  Manager,  Delaware  River  Dredging  Company. 
Proposed  by  George  F.  Pawling  and  James  L.  Fawley. 


White. 

L.  CHEYHEY  SMITH 

Assistant  Educational  Director,  Y.  M.C.  A.,  Philadelphia,  Pa. 
Proposed  by  William  Easby,  Jr..  and  W.  P.  Dallett. 
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AN  ACKNOWLEDGMENT 


Company  "  B,"  103d  Regiment  Engineers,  Camp  Hancock,  Augusta,  Georgia. 

January  20,  1918. 

Engineers'  Club  of  Philadelphia. 
Gentlemen  : 

We,  the  undersigned  members  of  Company  "  B,"  103d  Engineers,  beg  to  express  our  appreciation  of  the  gener- 
osity of  the  members  of  the  Engineers'  Club  of  Philadelphia  in  sending  the  splendid  Christmas  gifts  to  this  command. 

The  packages  were  distributed  at  New  Year's  and  cemented  once  more  the  bonds  of  friendship  between  our 
mother  organization  and  the  boys  in  the  held. 

Please  accept  our  best  wishes  for  the  continued  prosperity  of  the  Club  and  of  the  individual  members. 

(Signed)- 


Arthur  T  H'.fer 
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Ralph  O,  Strassncr 

Arthur  Warner 

0.  Tullii 

James  C.  Brawley,  Jr. 

SrI.  R.  Kohler 

Edward  C  Worley 

Sgt.  F.  M.  Harder 

George  W.  Powell.  Jr. 

K.  G.  Coolbaugh 

J.  H.  Bean 

Roy  Sparling 

Simon  Morris 

Harry  A.  Jeffcott,  Jr. 

Albert  Gcntcl 

Albert  Herman 

Leo  T.  Garrity 

Leo  J.  Curly 

Lt.  Edw.  N.  Butler 

James  J.  Bradley 

R.  Menaugh 

John  F.  Hartman 

Lt.  Charles  Elcock 

Joseph  R.  Ely- 

E.  A.  Clarke 

Corp.  D.  W,  Bartholomew 

Lt.  11.  T.  Hayden 

Charles  J.  McDangree 

Corporal  Stephen 

Corp.  R.  C.  Gregg 

Lt.  J.  W.  Galloway 

A.  H.  Smith.  Jr. 

G.  L.  MacGarrigle 

Don  Harpham 

Lt-  W.  M.  White  ' 

John  J.  Callahan 

W.  J.  Tate 

Fred  J.  Street 

J.  S.  Bradford,  captain 

Meredith  M.  Titus 

K.  A.  Adair 

Sgt.  H.  B.  Marsh 

Sgt.  John  T.  Easby 

William  M.  Longenberger 

J.  H.  Paul 

Corp.  F.  F.  Roy  Worley 

ist  Sgt.  Paul  F.  Quinlan,  Jr. 

Nicolai  Aachmann  Hansen 

Wm.  M.  Men 

Saddler  M.  E.  Tcmplcton 

Sergt.  G.  Lauber 

Wilford  E.  Register 

J.  R.  Steininger 

Robert  E.  Hoeflich 

Sergt.  ist  class  Samuel  L.  I.ei- 

Harry  G.  Stahl 

Frank  R.  Clough 

Corp.  G.  D.  Hoppes 

thiser 

Sergt.  A.  K.  Ruby- 

Marion  M.  Crewe 

Wm.  G.  Daymon 

Corp.  Ralph  C  Celig 

Arthur  B.  Wanner 

George  A.  Pukv 

C.  Walter  Dunlap 

Corp.  Claude  M.  Metet>ka 

Charles  F.  Veith 

Joseph  Myers 

Sergt.  James  D.  Butler 

Albert  E.  Simpson 

F.  Ruff 

William  E.  Allen 

Sgt.  W.  S.  Jopson 

Sergt.  Wm.  H.  Hall 

Corp.  S.  J.  Reynold! 

Chas.  P.  Pcnningler 

Franklin  J.  Graham 

Cook  C.  H.  Reed 

C  J.  Frederick 

C.  L.  Kcagle 

William  B.  Taylor 

J.  Ward 

Oscar  Williams 

W.  F.  Finley 

Herbert  W.  Coy 

A.  Sparling 

Alexander  Boyd 

Paul  Thompson 

Eber  W.  Light 

Cook  H.  Burns 

Fighting  Al.  Pyatt 

sorter  i  nompson 

Fred  R.  Fox 

Corp.  E.  H.  Haux 

Corporal  C.  C  Bream 

J.  L.  McGrane 

William  Lawrence 

E.  W.  Jones 

Robert  Donald&en 

L.  I.  Zcllner 

Corp.  Jack  P.  Greene 

A.  C.  Young 

John  F.  Schneider 

156  MARCH.     NINETEEN      HUNDRED     AND  EIGHTEEN 


Digitized  by  Googlle 


[TTEE  ON  NATIONAL  SERVICE 

GUILLIAEM  AERTSEN,  Chairman 


MEMBERS  OF  ENGINEERS'  CLUB  WHO  HAVE  BEEN  CALLED  INTO  SERVICE 
IN  THE  ARMY  OR  NAVY  OF  THE  UNITED  STATES  AS  OF  FEBRUARY  20,  1918 

NAME  RANK  CORPS  LOCATION 

Aldrich.  J.  T  „  1st  Lieutenant  Ordnance  Officers'  Re*erve  Corps    Washington.  D.  C. 

Alien,  H.  Buh.br  Lieutenant  U.  S.  Ordnance  Department  American  Expeditionary  Forces,  France 

Allen,  J.  G  Co.  12  Infantry,  Reserve  Officers'  Training  Camp  -  Port  Oglethorpe,  Ga. 

Anders,  D.  W  Captain   Company  D,  502nd  Engineers  Overseas  Service 

AyDRBW3,  J.  H.  M  Major    Ordnance  R.  C  {Co-^^.J^Wm  <W-»« 

AsPLUNDTD,  E.  T  Captain   103rd  Engineers   Camp  Hancock,  Augusta,  Ga. 

ArreRBURV,  W.  W.  ...  Brigadier-Genera!  Director-General  of  Railways   France 

Barker.  E.  W.,  Jr  Truck  4-304  Ammunition  Train  Camp  Meade,  Admiral,  Md. 

Bassett,  P.  H..  J«  Officers'  Training  School  Camp  Meade,  Md. 

Bear,  H.  K  Private  Gas  Defense  Service  Washington,  D.  C. 

Bell.  Frank  F  1st  Lieutenant  Signal  Corps,  Aviation  Section  Gcrstncr  Field,  Lake  Charles,  Louisiana 

Bbtus,  A.  J  111th  Infantry   Camp  Hancock,  Augusta,  Ga. 

Biistbr,  W.  H.,  Jr  Corporal  103rd  Engineers   Camp  Hancock,  Augusta,  Ga. 

Bishop,  A.  B  Radio  School  Little  Silver,  N.  J. 

Booi.  H.  C  Colonel  .  .  In  Charge  of  Construction  of  Railroads,  Wharves,  etc  France 

Borresbn.  W.  Y  315th  Infantry  Camp  Meade.  Admiral,  Md. 

Boyd,  F.  F  1st  Lieutenant  U.  S.  Naval  Reserve  Senior  Engineer  Officer  U.  S.  S.  "Jupiter" 

Bovd.G.   1st  Sergeant  Overseas  Repair  Section  No.  1    Gas  Defense  Service,  Medical  Corps 

Bradford,  J.  S  Captain   103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Bract,  Morris  1st  Lieutenant   Ordnance  Officers'  Reserve  Corps   Washington,  D.  C. 

Bransons,  E.  D  Ensign   Naval  Air  Service  Naval  Station,  Pensacola,  Fla. 

Bream,  C.  C   Corporal  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Brekn,  J.  W  Captain    Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces,  France 

Brewer,  P.  C,  Jr  2nd  Lieutenant   307th  Engineers  Camp  Gordon.  Atlanta,  Ga. 

Brixton,  J.  W.   Lieutenant  Quartermaster  Officers'  Reserve  Depot  Quartermaster,  Baltimore,  Md, 

Broadbrad,  Alex  19th  Reserve  Engineers  American  Expeditionary  Forces,  France 

Brodbrick,  D.  F  Major  Ordnance  Officers'  Reserve  Corps   Rock  Island  Arsenal,  Rockland,  III. 

Brown,  J.  A..  Major  Ordnance  Officers'  Reserve  Corps   Washington,  D.  C. 

N.  P  Major  Railway  Engineers    {cJ$A^^!a&^ 

Brown,  P.  D  19th  Reserve  Engineers  American  Expeditionary  Forces,  Prance 

h.  R.  V  Lieutenant   Q.  M.  C,  304  Divisional  Trains   Camp  Meade,  Admiral,  Md. 

(f,  W.  F  Lieutenant  462nd  Co.  (Motorcycles),  E.  M.  S.  S.  Fort  Myer.  Va. 

M,  W.  L  Lieutenant  Winchester  Repeating  Arms  Co  New  Haven.  Conn. 

Bryant,  CM   Naval  Coast  Defense    Philadelphia  Navy  Yard 

Butler,  E.  N  1st  Lieutenant  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

CaccavaJO,  Jos  Major  Engineer  Officers'  Reserve  Corps  France 

Caklll,  E.  H  -  Carriage  Division,  P.  A.  Section  Washington,  D.  C. 

Carney,  R.  E   {  }   Pearl  Harb°r  Naval  Station  -  -  Hawaii 

Chance,  T.  M  Captain  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Childs,  H.  P   7th  Infantry    -  -  

Colgan,  R.  J  Captain  11th  Regiment  Engineers  Care  of  Adjutant-Gen 'I,  Washington.  D.  C. 

Cra upton,  G.  S.  Major   Director  of  Field  Hospitals,  28th  Div   Camp  Hancock,  Augusta,  Ga. 

Crowthbr,  E.  C  Corporal  Jefferson  Hospital  Unit  

Cumjnos.  C.  A  Captain  Quartermaster  Officers'  Reserve   Ft.  Sam  Houston,  Texas 

Cl'STER,  E.  A  Major  Ordnance  Officers'  Reserve  Corps   Washington.  D.  C. 

Cutler,  Jambs  B  Reserve  Officers' Training  Camp    Fort  Oglethorpe.  Ga. 

Derby.  C.  F  Captain  Ordnance  Officers'  Reserve  Corps   Camp  Lee.  Petersburg.  Va. 

Dill,  CM  Company  K.  319th  Infantry  Camp  Loe.  Petersburg.  Va. 

Donnelly,  J.  B  1st  Lieutenant  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Doyle,  T.  H  2nd  Lieutenant  Quartermaster  Officers'  Reserve  Camp  Meade,  Md. 

Dunlaf,  V.  R  Lieutenant  (Jr.)  Ass't  Civil  Engineer.  U.  S.  N  Pensacola,  Fla. 

Dunn,  M.  L  Ensign  U.  S,  S.  Connecticut  Care  Postmaster.  N.  Y. 

Dysom,  C.  W  Rear  Admiral  Bureau  of  Steam  Engineering.  U.  S.  N.  Washington,  D.  C. 

Ecebardt.  J  Corporal  10th  Regiment,  3rd  Training  Battalion  Camp  Meade.  Md. 
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Blcock,  Chas  1st  Lieutenant  103rd  Engineers  Camp  Hancock.  Augusta,  Ga. 

Parr.  Roy  S  2nd  Lieutenant  301st  Engineers"  Train  Camp  Devens,  Ayer,  Mm. 

Facst,  W.  D  103rd  Engineers  Camp  Hancock,  Augusta,  G». 

Fxnton,  Powell  Aviation  Corps  France 

Pulwrilkr,  J.  E  Lieutenant  Naval  Coast  Defense  Overseas  Service 

Gailikg.  H.  W.,  Jr  Private  Marine  Corps  (Aviation)  Philadelphia  Navy  Yard 

Gallaghhb,  L.  B  2nd  Lieutenant  Railway  Trans.  Dept..  U.  S.  A   American  Expeditionary  Forces,  Prance 

Gardinbr,  P.  M  Lieutenant  U.  S.  Naval  Reserve  Corps  Naval  Training  Base,  Cape  May,  N.  J. 

Garfortd,  Ezra   2nd  Lieutenant  23rd  Regiment,  Highway  Engineers  Laurel,  Md. 

Gaum,  Carl  G  1st  Lieutenant  23rd  Regiment,  Highway  Engineers  Washington,  D.  C. 

Gauthibr.  Jordan  2nd  Lieutenant   56th  Engineers  Washington,  D.  C. 

Gbst,  J.  B..  2nd  2nd  Lieutenant  Engineer  Officers'  Reserve  Corps   American  Expeditionary  Forces.  France 

Gin,  Ralpb  P  19th  Reserve  Engineers  American  Expeditionary  Forces.  Francs 

Gilbert.  W  T   21  st  Railway  Engineers  . . .  Franc* 

Gillan,  W.  H.,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Gilpin,  P.  H   Inspector  of  Ordnance . . .  Research  Laboratory,  Picatinny  Arsenal  J  Dover,  N.  J. 

Gracby,  A.  L  Private  Ordnance  Officers'  Reserve  Watervliet  Arsenal 

Gravbll,  W.  H  Captain  Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces.  Franca 

Gribbel,  W.  G  Captain  30th  Engineers   Overseas  Service 

Griffin,  R.  S  Rear  Admiral  .  Eng.  in  Chief,  U.S.  N.  Bur.  of  Steam  Engineering  Washington,  D.  C. 

Grossman,  P.  R.  Private  447th  Depot  Detachment  Engineers  Camp  Devens,  Ayer,  Mass. 

Gwiluam,  Mark  R.  M  1st  Lieutenant   21st  U.  S.  Infantry  San  Diego,  California 

Hall,  W.  A  Lieutenant   Naval  Coast  Defense   .  Overseas  Sen-ice 

Hamilton,  H.  A   1st  Lieutenant  ..   Engineer  Officers' Reserve  Corps  

Harding,  R.  1  1st  Lieutenant  105th  Engineers  Camp  Sevier.  Greenville,  S.  C. 

Harrowbr,  R.  A   American  Rod  Cross  Ambulance  Corps  .France 

Hathaway.  H.  K  Captain  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Haydock,  Roger  1st  Lieutenant   Engineer  Officers'  Reserve  Corps  Washington  Barracks.  D.  C. 

Hbgbr,  J  Lieutenant  Engineers'  Depot    Washington,  D.C. 

Henry,  J.  C  Headquarters  Dcp't  19th  Reserve  Engineers  American  Expeditionary  Forces,  France 

Hbthbrington,  S.  C  .Lieutenant  315th  Infantry   Camp  Meade,  Admiral,  Md. 

Hickbv.  Y  Second  Lieutenant   Infantry  Charlotte,  Ga. 

Hollbnback,  E.  E  Major  109th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Hollister.  C.J   1st  Lieutenant  Dental  Corps,  28th  Division  _  Camp  Hancock,  Augusta,  Ga. 

Hocwbn,  W.  P  C.  Ma.  A  United  States  Navy  Air  Station  Cape  May,  N.  J. 

Hulmb,  Norman  1st  Lieutenant  .458th  Truck  Co  _ Fort  Mver.  Va. 

Hyland,  G.X.    Cadet   ....U.S.  A.  Flying  School ...   Park  Field.  Memphis.  Tenn. 

Jonks,  Jonathan   Captain   23rd  Regiment  Engineers  Camp  Mcadc.  Md. 

Kennedy,  J.  H  Aviation  Section,  Signal  Corps  American  Expeditionary  Forces,  France 

Kbrn,  P.  X  Lieutenant  23rd  Regiment  Engineers  Camp  Meade.  Md. 

Kneass,  E..  Ensign  U.  S.  Naval  Academy  Annapolis.  Md. 

Knight,  C.  C.  Jr  Lieutenant  81st  Division.  Field  Artillery   Camp  Jackson,  S.  C. 

Kokllk,  W.  F.  B  Sergeant  Signal  Corps  Washington,  D.  C. 

Kraus.  P.  T  Sergeant  {  Co" '' ^^^e^ps ^'0n  }  -  American  Expeditionary  Forces.  Franc. 

Lawrbncr,  G.  E   Lieutenant  J.  G  ..Naval  Coast  Defense     Overseas  Service 

Lawson.T.  W  1st  Lieutenant  109th  Infantry  ..Camp  Hancock,  Augusta,  Ga. 

Lea.  E.  S  Major  Artillery  Ammunition  Division  Frankford  Arsenal 

Levin.  J   .2nd  Officers'  Training  Camp     Fortress  Monroe,  Va. 

Lynch,  N.  L  Engineer  Officers'  Reserve  Corps  Washington  Barracks.  Washington.  D.  C. 

MacGarrigle.  G.  L. . .   Private   Company  "  B,"  103rd  Engineers  Camp  Hancock,  Augusta,  G*. 

Magbb,  J.  W  2nd  Lieutenant  504th  Engineers'  Corps  Washington  Barracks,  D.  C. 

Mallon,  G.J...  Lieutenant  (Jr.)  U.S.  Naval  Reserve  Force  U.  S.  S.  "Mt.  Vernon."  care  of  Postmaster.  N.  Y. 

Maltby,  F.  B   Major  Engineer  Officers'  Reserve  Corps   Army  Building,  New  York 

1  u- s-     *™  p°-  !  A&i&tS^SZSg*. 

Martin,  T.  S..  3rd  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Mayburry,  W.  G.,  Jr  Lieutenant  334th  Field  Artillery,  National  Army   -  -Camp  Pike,  Ark. 

McCausland,  J,  R  Master  Engineer  446th  Engineers,  Depot  Detachment  Camp  Devens,  Ayer.  Mass. 

McClintock,  J.  L  U.  S.  Navy  Radio  Service  Parkway  Bldg.  pro  tern. 

McCoro,  J.  B  Lieutenant-Colonel    Ordnance  N.  A   War  Department,  Washington,  D.  C. 

McCormick,  J.  C  1st  Lieutenant    Engineer  Officers'  Reserve  Corps  .American  Expeditionary  Forces.  France 

McCoy,  J.  F  Cadet  Aviation  Section,  Signal  Corps  Park  Field.  Memphis.  Tenn. 

McGarriglb,  J,  J.    2nd  Officers'  Training  Camp   .Fortress  Monroe,  Va 

McMillan.  H.  L.  Major   303rd  Engineers  Camp  Dix,  Wrightstown,  N.  J. 

Millar,  B.  A..  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Camp  Hancock.  Augusta,  Ga. 

Moody,  Wm.  M  Reserve  Officers'  Training  Camp  Fort  Oglethorpe,  Ga. 

Moon,  T.  E  Corporal  119th  Ordnance  Depot  Co  Camp  Hancock.  Augusta.  Ga. 

Mohan,  J.  B._  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps   Washington,  D.  C. 

Myers.  W.  C  Captain  Ordnance  Officers'  Reserve  Washington.  D.  C 

Myers,  W.  T  2nd  Lieutenant  16th  U.  S.  Cavalry  Mercedes,  Texas 

Newun,  E.  M  Captain    312  Machine  Gun  Battalion  Camp  Mcadc,  Admiral,  Md. 
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Newlim.  J.  C  -  Major   Engineer  Officers'  Reserve  Corps  Amer.  Embassy,  London,  care  of  Vice- Admiral  Sims 

Nixon-Miller,  M  Captain  Company  "B,"  SOtst  Engineers  Camp  Merritt,  N.  J. 

Noybs,  S.  H  .1st  Lieutenant  1st  Aero  Squadron...  Columbus,  N.  M. 

Oakbs,  J.  C  Colonel  HJth  Engineers  Camp  Shelby,  Hattiesburg.  Miss. 

Orr,  M.  W    First  Battery,  Officers'  Training  School . .  Camp  Meade,  Md. 

Otwbll,  Curtis  W.  Colonel  3 19th  Engineers  Camp  Fremont.  Palo  Alto,  Cal. 

Packer,  H.  M._  1st  Lieutenant  Park  Aviation  Field  .  Millington.  Tenn. 

Perky,  Edward  Quartermaster  Officers'  Reserve   Camp  Lee,  Petersburg.  Va. 

Pbtbrman.  J.  M.  Private  Camp  Meade,  Admiral,  Md. 

Petbrs,  E.  T  Chief  Yeoman  Naval  Coast  Defense  Dept.  Public  Works,  Philadelphia  Navy  Yard 

Ppbffbr,  H.  W  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Bethlehem,  Pa. 

Pikk,  Clayton  W  Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Prichbtt.  F.  B  lOJrd  Trench  Mortar  Battery  Camp  Hancock,  Augusta,  Ga. 

Prince.  H.  W    Squadron  80  Camp  Eimerman.  Fort  Worth,  Texas 

Pucu,  M.  R.  Major  .   21st  Engineers  American  Expeditionary  Forces,  via  New  York 

Rawclipfb,  J.  F.  B  Lioutenant  79th  Field  Artillery  Houston,  Texas 

Raynsford,  C.  0  1st  Lieutenant   Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Rebd,  R.  W  Private   19th  Reserve  Engineers   American  Expeditionary  Forces,  France 

Rbbd.  Thomas  Captain  Ordnance  Officers'  Reserve  Corps  {  0ffi£  °f  A^Kfi^x"""' 

RSEDER.  W.  C   Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Rbninger,  H.  A  [  Jfn'tA.G  Dcpt } S3rd  Dcpot  BriSuJc    Camp  Hancock,  Augusta,  Ga. 

Ridgb,  R.  S  Sergeant   23rd  Engineers    Camp  Meade,  Admiral,  Md. 

Ridgway,  J.  J  1st  Lieutenant   Co.  F,  318th  Infantry  Camp  Lee,  Petersburg,  Va. 

Ritchie,  J.  M  Captain  Quartermaster  Officers'  Reserve  Washington,  D.  C 

Rogers,  C.  B    Electrical  Research  Dept.,  Aviation  Section,  Signal  Corps   Mincola.  L.  I. 

Roop,  J.  C  Captain  17tli  Engineers. -    France 

Roth,  F.  E  _  ..1st  Sergeant.  Utilities  Department,  Quariermastcr's  Corps   Camp  Meade,  Admiral,  Md. 

Sanviixe,  L.  F   Private  108th  Field  Artillery,  Pcnna.  Troops   Camp  Hancock,  Augusta,  Ga. 

SautER.  W.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Washington,  D.  C. 

Schmidt,  A.  H  Company  "C,"  315th  Infantry"   Camp  Meade,  Admiral,  Md. 

Schocii,  J.  B   Lieutenant   109th  U.  S.  Infantry    Camp  Hancock.  Augusta.  Ga. 

Schwegler,  O.  F...   Reserve  Officers'  Training  Camp      Fortress  Monroe.  Va. 

SfHWBlZBR.  II.  W   Gas  Defence  Service.  Med.  Dept..  U.  S.  A.     Washington,  D.  C. 

Sheajian,  J.  C  2nd  Lieutenant  Co.  11,  Section  B,  BUlg.  6  Camp  Jos.  E.  Johnston,  Jacksonville,  Fla. 

Sruster.  W.  H.,  Jr  Lieutenant  314th  Infantry  Camp  Meade,  Md. 

Smith,  W.  S  Rear  Admiral  Navy  Department Special  Duty,  Naval  Consulting  Board.  Washington.  D.C. 

Smith.  X.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  The  Remington  Arms  W.  M.  C.  Co..  Ition,  N.Y. 

Spackm an.  H.  S   Major  Engineer  Officers'  Reserve  Overseas  Service 

Spii.lan,  J  J.  D  Sergeant    Hq.  53,  Brig.  F.  A  Camp  Hancock.  Augusta.  Ga. 

St.  John  Everett.  1st  Lieutenant..  Coast  Artillery  Reserve  Corps   ,   Fort  duPont,  Delaware 

Tawresey,  J.  G  Naval  Constructor  Navy  Department  Construction  Officer,  Philadelphia  Navy  Yard 

Taylor,  H   1st  Lieutenant  3u4lh  Regiment  Engineers  Camp  Meade,  Admiral.  Md. 

Tuacuer,  C.  P.,  Jr  1st  Lieutenant  Engineer  Officers'  Training  Camp  _    Bel  voir,  Va. 

Tdaciier.  C.  H.   .2nd  Lieutenant  Engineer  Officers'  Training  Camp  Belvoir.  Va. 

Thomas,  R.  S  Lieutenant  Colonel  312th  Engineers    Camp  Pike,  Little  Rock,  Ark. 

Thomson,  H.  A  1st  Sergeant  Penna.  Quartermaster's  Corps  Camp  Hancock,  Augusta,  Ga. 

Thorpe,  A.  W   .  Corporal  .  -      ...  Co.  "B,"  lOJrd  Engineers   Camp  Hancock,  Augusta.  Ga. 

Ttl-LSON,  P.  E   ...  .  ..Lieutenant  United  Suites  Naval  Reserve  Force    U.  S.  S.  "Maine" 

Uhler.  W.  D  Major   Quartermaster  Corps.  N.  A   Aberdeen.  Md. 

Vaui  lain.  A.  C    Major  ..Ordnance  Officers'  Reserve  Corps   Watertown  Arsenal 

Vaughan,  D.  L   1st  Lieutenant  Officers' Reserve  Corps  Camp  Joseph  E.  Johnston,  Jacksonville,  Fla. 

Vogi.bson,  J.  A  Major  Sanitary  Corps,  N.  A.  Camp  Joseph  E.  Johnston,  Jacksonville.  Fla. 

Ward,  R.  C   Captain   Coast  Artillery   Fort  Greblc.  R.  I. 

Warfel,  A.  C  2nd  Lieutenant..  35th  Regiment  Engineers  .   American  Expeditionary  Forces  via  New  York 

Warfel,  J.  P.  Senior  Lieutenant  U.  S.  Naval  Reserve  Force .  _   Machinery  Division.  Philadelphia  Navy  Yard 

Watson,  G.  L.  Captain   Engineer  Officers"  Reserve  Corps  

Webb,  Walter  Loring  Major   .Engineer  Officers'  Reserve  Corps  France 

Wbntz,  E.  M  Asst.  Paymaster  Receiving  Ship      Brooklyn  Navy  Yard 

Whitaker,  J.  H.  2nd  Lieutenant   ,317th  Field  Artillery    . .  Camp  Jackson,  Columbia.  S.  C. 

White,  W.  M.  ..Captain  and  Regimental  Adjutant  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Wild,  H.  J  Captain  Engineer  Officers'  Reserve  Corps.  War  Department,  Washington,  D.  C. 

Williams,  H.  L  2nd  Lieutenant  Engineer  Officers' Reserve  Corps  Corpus  Christi,  Texas 

Witte,  W.  E   1st  Lieutenant  Ordnance  Officers'  Reserve  Corps   

Woerwag,  C.  A  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps     -  

Work,  Leonard  1st  Lieutenant  52nd  Aero  Squadron,  A.  S.  S.  C  American  Expeditionary-  Forces,  via  New  York 

Worrell,  H.  S.  Lieutenant   C.  A.  C.  School  D    -  Fortress  Monroe,  Va. 

Worth,  J.  G...  Captain  Quartermaster  Officers'  Reserve  Alex.  Rcmaunt  Depot,  Macon  Ga. 

Zeckwer.  J.  A  Ensign   U.  S.  Naval  Reserve  Force   Boarding  Officer.  Port  of  Philadelphia 

Zinn,  George  A  Colonel  District  Engineers'  Office,  Custom  House  Portland.  Oregon 
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MARCH  MEETING 

THE  next  meeting  of  the  Technology  Club  will  be 
held  on  Wednesday  evening,  March  6,  1918.  Mr. 
H.  L.  Moody,  '07,  of  the  Westinghouse  Company, 
will  speak  on  "  Steam  Turbines."  There  will  be  the  usual 
informal  dinner  at  6:30  i-.m.  and  meeting  at  8:15  r.M. 

FEBRUARY  MEETINGS 

A  special  meeting  was  held  at  the  Drexel  Institute  on 
the  evening  of  February  12  to  meet  Prof.  C.  Frank 
Allen,  1872,  of  the  Civil  Engineering  Department  of 
Technology-.  Professor  Allen  was  returning  from  a  trip 
among  the  various  alumni  clubs,  having  visited  the  Tech- 
nology Clubs  of  Schenectady,  Syracuse,  Detroit,  Chicago, 
Minneapolis,  St.  Louis,  Kansas  City,  Akron,  Cleveland, 
Indianapolis,  Urbana,  Cincinnati,  Pittsburgh,  and  Wash- 
ington. Professor  Allcn's.accounts  of  the  various  activi- 
ties of  the  new  Institute  at  Cambridge  and  the  news  items 
which  he  brought  from  the  various  alumni  centres  were 
most  interesting.  The  major  part  of  Professor  Allen's 
talk  was,  of  course,  devoted  to  the  war  activities  at  the 
Institute  and  the  work  of  the  alumni  in  connection  with 
the  war,  but  the  many  intimate  stories  of  the  present 
student  life  and  reminiscences  of  the  older  professors  at 
the  Institute  were  much  appreciated.  The  thanks  of  the 
Club  are  due  our  fellow  alumnus  "  Allen,  class  of  seventy- 
two,"  and  to  Doctor  Godfrey  and  Professor  Ryder  for 
their  hospitality  at  Drexel  Institute. 

The  regular  February  meeting  was  held  at  the  Engi- 
neers' Club  on  Wednesday,  February  0.  Mr.  W.  R.  D. 
Hall,  secretary  of  the  Publicity  Bureau  of  the  Philadel- 
phia Chamber  of  Commerce,  spoke  on  the  "  Engineering 
of  Civic  Efficiency."    The  purpose  and  functions  of  a 


Chamber  of  Commerce  were  described  and  its  activities 
considered  in  relation  to  "  Engineering." 

Mr.  Hall  described  the  work  of  a  Chamber  of  Com- 
merce in  providing  means  for  discussion  of  community 
affairs  and  in  crystallizing  public  opinion.  The  Phila- 
delphia Chamber  of  Commerce  was  described  as  being  a 
typical  example.  It  is  divided  into  the  following  Bureaus 
with  paid  secretaries:  Charities,  Conventions  and  Exhibi- 
tions, Foreign  Trade,  Industrial,  Transportation,  Mem- 
bership and  Publicity.  In  addition,  there  arc  Committees 
on  Agriculture,  Banking  and  Currency,  Insurance,  Law, 
Legislation,  Entertainment,  Finance,  Harbor  and  Naviga- 
tion, Municipal  Affairs,  Postal  Affairs,  Public  Utilities, 
Trade  Expansion,  War  Shipping,  and  an  Executive  Com- 
mittee. The  membership  of  the  Chamber  of  Commerce  is 
further  divided  into  groups  according  to  professions  and 
trades,  with  chairmen  for  each  group,  the  chairmen  being 
members  of  a  Council,  which  is  an  advisory  body  to  the 
Board  of  Directors. 

For  the  year  1918  the  Philadelphia  Chamber  of  Com- 
merce has  planned  active  constructive  work  in  connection 
with : 

1.  Plans  for  a  Greater  Philadelphia,  including  parts 
of  Delaware  and  Bucks  counties. 

2.  Plans  for  arbitration  of  commercial  disputes. 

3.  Improvements  in  street-cleaning  methods  in  Phila- 
delphia. 

4.  Revision  and  readjustment  of  tax  assessments  and 
tax  rates. 

5.  Organization  of  "  retail  gTOups." 

The  above  are  normal  activities  of  the  Chamber  of 
Commerce,  but  during  the  present  year  various  war  com- 
mittees are  at  work,  the  most  active  at  present  being  the 
War  Shipping  Committee,  and  the  members  are  unself- 
ishly devoting  their  time  to  Government  affair. 
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THE  regular  monthly  meeting  of  the  Worcester  Tech 
Club  was  held  at  the  Engineers'  Club,  February  7, 
1918.  and  included  the  usual  dinner  and  a  short 
business  meeting,  following  which  the  paper  of  the  even- 
ing, "  Compression  Rheostats,"  was  read  by  Mr.  A.  H. 
Allen,  manager  of  the  Triumph  Electric  Company,  of 
Philadelphia.  A  general  discussion  of  this  type  of  rheo- 
stat followed  the  presentation  of  the  paper. 


A  number  of  pros]>cctivc  new  members  were  present 
from  the  Aviation  Section  of  the  U.  S.  Navy. 

The  annual  meeting  and  banquet  will  be  held  March 
7  next,  when  Dr.  Ira  N.  Hollis,  president  of  the  Institute, 
will  be  the  guest  of  the  evening.  Owing  to  war  condi- 
tions, the  dinner  this  year  will  be  informal  in  character. 
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FEBRUARY  MEETING. 

CARE  BARTH,  well-known  engineer  and  efficiency 
expert  in  machine-shop  methods,  gave  a  paper, 
which  was  a  mathematical  analysis  of  the  present 
income  tax.  It  is  expected  that  this  paper  will  be  pub- 
lished in  the  Journal  and  also  the  Journal  of  The 
American  Society  of  Mechanical  Engineers. 


MARCH  MEETING. 

This  meeting  will  be  held  on  the  26th  of  the  month, 
and  the  subject  will  be  "  Recent  Developments  in  Material 
Specifications,"  by  Dr.  S.  W.  Stratum,  Director  of  the 
United  States  Bureau  of  Standards. 
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AMERICAN  SOCIETY  OF  HEATING  AND 
VENTILATING  ENGINEERS 

EASTERN  PENNSYLVANIA  CHAPTER 

Georce  \V.  Bark,  President  Gbobcb  Boon,  Secretary 


THE  next  meeting  of  the  Eastern  Chapter  of  the 
A.S.  H.V.E.  will  be  held  Thursday  evening, 
March  14,  1918. 
This  being  our  second  anniversary,  the  meeting  will 
be  preceded  by  an  informal  dinner  at  6:30  p.m.,  to  be  held 
at  the  Engineers'  Club. 

The  Meetings  Committee  has  announced  as  the  speaker 
of  the  evening,  Mr.  Joseph  A.  Steinmetz,  president  of  the 
Aero  Club  of  Pennsylvania.    Mr.  Steinmetz  has  not  de- 


cided on  his  subject  at  this  time,  but  those  members  who 
have  had  the  pleasure  of  hearing  him  before  well  know 
that  he  has  the  good  fortune  of  always  being  able  to  give 
interesting  talks. 

The  election  of  officers  and  a  Board  of  Governors  for 
the  ensuing  year  will  also  be  held. 

Our  meeting  of  Thursday  evening,  February  14,  was 
very  well  attended.  Mr.  C.  V.  Hayncs,  the  speaker,  pre- 
sented a  continuation  of  his  paper  of  December  13,  1917. 
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PORTS  AND  TERMINAL  FACILITIES' 

BY  R.  S.  MacELWEE 


THE  port  problem  is  a  railway  problem  even  more 
than  a  ship  operating  problem.  It  should  be  one  of 
the  three  links  of  transportation — railway,  port, 
ship — but  the  railway  end  of  the  trilogy  is  the  one  which 
has  been  most  neglected  and  the  one  which  has  broken 
down  under  the  strain  of  the  war  demands  on  trans- 
portation. 

The  problem  is  a  serious  one.  If  there  be  no  quick 
dispatch  of  railway  cars  at  the  marine  terminals  the  inland 
transportation  system  of  the  country  wilt  be  paralyzed 
and  we  will  have  no  coal  nor  many  other  things.  \Vc  arc 
sore  pressed  for  ships,  but  if,  because  of  the  inefficiency 
of  the  ports  and  the  railways  at  the  ports  here  and  in 
France,  wc  turn  the  ships  around  only  fast  enough  to 
allow  a  round  trip  every  twelve  weeks  instead  of  every' 
six  weeks,  the  result  is  the  same  as  if  the  Germans  had 
torpedoed  half  of  the  existing  meagre  tonnage.  On  the 
other  hand,  if  we  are  able  to  coordinate  and  operate  the 
terminal  ports  here  and  in  France  so  as  to  turn  the  ships 
around  quickly  and  make  the  round  trip  in  six  weeks 
instead  of  twelve,  we  have  doubled  the  efficiency  of  our 
present  merchant  shipping  without  having  built  another 
ship.  The  port  problem  is  as  important  a  war  measure 
as  the  ship  problem. 

Also,  after  the  war,  struggle  for  the  markets  of  the 
world  will  be  fierce.  Any  "  frais  parodies,"  any  practical 
expense  at  the  terminals,  will  act  as  an  increased  cost  of 
production  of  American  goods.  Transportation  is  just 
as  much  a  cost  of  production  as  raw  materials  or  labor. 
If  we  are  to  hold  and  enlarge  the  markets  for  American 
goods,  which  will  mean  smoking  chimneys  and  full  dinner 
pails  for  American  workers,  we  must  scale  down  the 
unnecessary  costs.  Low  wage  costs  do  not  mean  low 
wages.  Low  wage  costs  per  unit  of  product  mean  in- 
crease in  the  productivity  of  labor.  Investments  in 
terminal  facilities  do  not  mean  higher  costs  per  ton  of 
traffic. 

The  port  is  one  point  where  the  unnecessary  costs  of 
production  of  American  goods  can  be  scaled  down.  Just 
as  in  the  design  of  an  aviation  motor  or  of  an  aeroplane, 
the  way  to  make  the  machine  light  is  to  reduce  the  weight 
a  little  here  and  a  little  there.  There  is  no  short  cut. 
One  little  saving  added  to  another  little  saving  will  in 
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the  end  make  a  large  difference  in  the  weight  of  the 
motor  and  also  in  the  cast  of  putting  American  products 
on  the  markets  of  the  world.  This  is  our  only  hope  to 
meet  the  competition  of  many  lands  which  in  the  past 
have  been  at  this  sort  of  thing  more  intensely  than  we. 
In  particular,  so  far  as  inland  water  transportation  and 
port  development  are  concerned  must  we  turn  to  the 
illustrious  enemy.  The  great  French  engineering  paper, 
Le  Genie  Civil,  has  been  preaching  this  point  constantly 
during  the  past  two  or  three  years.  Le  Genie  Ch'il  takes 
the  stand  that  it  is  a  peculiar  kind  of  patriot  who  thinks 
it  is  unpatriotic  to  learn  all  that  can  be  learned  from 
the  enemy.   Such  a  patriot  should  be  watched. 

The  port  and  terminal  problem  is  one  for  both  engi- 
neers and  economists.  There  has  been  no  real  coopera- 
tion between  the  two  sciences  in  the  past.  There  has  been 
a  tendency  to  build  wonderful  piers  as  engineering  struc- 
tures which  do  not  link  up  with  the  rest  of  the  system, 
and  there  has  been  port  planning  which  would  not  stand 
up  because  of  the  engineering  deficiencies.  The  day  and 
age  has  arrived  when  there  must  be  a  new  profession  of 
engineer-economist  to  solve  involved  transportation 
problems,  just  as  the  patent  attorney  must  be  a  lawyer 
and  an  engineer.  The  building  of  efficient  ports  will  re- 
quire the  best  engineering  talent  in  the  land.  Americans 
can  build,  judging  from  the  achievements  on  the  Great 
Lakes,  where  bulk  cargo  loading  transport  and  unloading 
have  far  surpassed  any  like  achievement  abroad.  Our 
American  engineers  arc  more  than  equal  to  the  task  if 
given  conditions  which  are  right.  The  failure  of  our 
American  ports  in  this  crisis  is  not  due  to  the  engineers. 
The  forces  at  fault  arc  far  less  conspicuous  and  far  more 
elusive  than  the  failure  of  American  ports  at  the  present 
time  is  due  to  the  peculiar  conditions  of  American  railway 
history— in  particular,  the  competition  of  rival  lines  at 
the  terminals.  A  new  era  in  American  railroading  is 
dawning,  and  it  is  for  this  new  era  that  wc  must  plan. 
Planning  and  execution  will  require  engineering- 
economists. 

At  the  very  beginning  of  the  problem  we  must  note 
what  may  be  called  the  reservoir  principle.  The  system 
of  transportation  from  an  American  factory  to  a  foreign 
consumer  is  composed  of  many  movements,  each  distinct, 
each  part  of  the  whole.   Transportation  over  rails,  carts, 
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piers,  ships,  etc.,  involves  a  scries  of  distinct  movements, 
each  complete  in  itself.  These  separate  movements  can- 
not be  entirely  synchronized.  The  result  is  that  one 
movement  does  not  keep  pace  with  the  other.  Where 
the  joint  occurs  there  is  either  lost  motion  or  congestion. 
It  is  like  the  internal-combustion  engine  which  develops 
power  every  fourth  count  or  every  second  time  the  fly- 
wheel turns  over.  That  is  why  there  is  a  fly-wheel:  to 
take  up  the  power  when  it  occurs  and  carry  it  over  the 
dead  centers.  In  a  transportation  system  there  is  the 
same  sort  of  intermittent  motion  along  the  route.  With 
the  exception  of  belt  and  bucket  conveyors  and  pipe 
lines,  there  is  no  continuous  movement.  Continuous 
movement  is  the  ideal  to  which  freight  handling  aspires. 
Therefore  fly-wheels  or  reservoirs  must  be  devised  at 
the  terminals  of  each  intermittent  movement  to  take  up  the 
load  and  hold  it  until  such  time  as  it  may  be  carried 
farther.  The  fewer  the  number  of  cylinders  the  larger 
the  fly-wheel.  The  greater  the  irregularity  of  ships, 
freight  trains,  or  canal  barges  entering  a  port,  the  more 
provision  must  be  made  for  carrying  the  load  over  the 
dead  centers.  For  instance,  the  ore  and  coal  stock  piles 
at  the  steel  works  on  the  Great  Lakes  must  carry  over 
a  five  months'  dead  center  of  frozen  navigation,  while 
our  cities  cannot  exist  five  days  without  coal. 

The  two  great  reservoirs  arc  the  warehouse  and  the 
tnUMit  shed.  As  subdivisions  of  these  two  units  there  are 
many  minor  points  where  reservoirs  arc  necessary,  such 
as  the  point  of  deposit  of  freight  transferred  from  the 
hold  of  the  ship  to  the  wharf.  Freight  must  not  "  hang  " 
for  lack  of  place  to  set  it  down.  There  arc  also  points 
of  deposit  for  loading  carts  or  freight  cars  or  barges 
or  lighters. 

There  is  no  blanket  expedient ;  no  panacea ;  no  cure- 
all.  Each  point  must  be  discovered  in  the  particular 
system,  and  each  case  solved  on  its  own  demerits. 

The  railroad  problem  is  too  complex  and  at  present 
in  such  a  state  of  flux  that  it  is  beyond  the  scope  of  this 
paper  to  enter  into  the  discussion.  There  are  certain 
fundamental  principles  which  must  be  stated,  however, 
before  it  is  possible  to  go  on  with  the  consideration  of  a 
few  details. 

With  equal  facilities  for  handling  and  equal  port 
charges,  the  port  with  the  widest  choice  of  transportation 
facilities  to  the  interior  will  be  the  greatest  port.  These 
facilities  include  the  waterways.  The  largest  ports  of 
Europe  are  the  ports  at  the  mouths  of  great  navigable 
water  systems :  Rotterdam  on  the  outlet  of  the  Rhine  and 
Meuse  systems ;  Hamburg  on  the  Elbe-Oder  system.  Ant- 
werp is  the  port  for  the  Scheldt  and  Belgian-French 
canal  and  waterway  systems.  Inland  water  navigation 
is  important  to  the  port.  Nevertheless,  even  in  the  case 
of  the  highly  developed  German  waterways  two-thirds 
of  all  the  tonnage  travels  by  rail.  The  ports  mentioned 
are  great  because  there  is  a  large  choice  of  connections 
with  the  interior.  It  is  not  waterways  VS.  railways,  but 
waterways  and  railways  which  make  the  port  attractive 
to  shipping.    Many  connecting  lines  act  as  the  increase 


in  the  number  of  cylinders  which  makes  a  motor  run 
smoothly. 

If  the  port  with  the  best  prospects  is  the  port  with 
the  most  connections  by  rail  and  water  with  the  interior, 
it  follows  that  there  must  be  equal,  universal,  and  fret 
movement  between  any  pier  and  any  railroad  line.  To 
this  must  be  added  uni- 
versal connection  with 
any  warehouse. 

A  port  must  be  a 
unit  in  respect  to  all  its 
terminal  facilities. 
Altho  far  from  being  an 
ideal  port.  New  York 
has  grown  beyond  all 
other  ports  because  of 
this  universality  of  rail- 
road connection.  The 
complete  harmony  be- 
tween every  ship  and 
every  rail  line  is  accom- 
plished b  y  so-called 
"free  lighterage."  Even 
at  a  high  cost  the  ad- 
vantages of  the  coordi- 
nation have  been  so 
great  that  the  expense 
of  lighterage  and  the 
freight  rate  differ- 
entials have  been  offset 
by  better  service  and 
the  port  has  prospered.  Other  ports  of  the  North  Atlantic 
have  been  railroad  terminals  in  the  narrow  sense  of 
terminals  for  one  railroad.  The  railroad  has  considered 
that  the  pier  and  then  the  ship  berthing  at  the  pier  is  a 
part  of  the  private  system  of  the  railroad  company. 
There  have  been  no  terminal  charges  against  the  freight 
in  this  case,  and  the  ships  are  given  free  wharfage  at  a 
railroad  pier.  Free  wharfage  does  not  begin  to  offset 
the  fact  that  the  ship  line  has  access  only  to  the  narrow 
hinterland  served  by  one  railroad  system. 

The  principle  that  a  port  must  be  one  zone  with 
equal  charges  to  any  part  of  it  has  been  upheld  by  the 
Interstate  Commerce  Commission.  It  has  been  argued 
against  the  separation  of  terminal  charges  from  the  line 
haul  that  European  hotels  may  charge  guests  for  candles 
and  soap,  but  this  is  not  the  American  plan.  The  com- 
parison limps.  We  have  yet  to  find  a  first-class  American 
hotel  which  includes  the  wine  bill  in  the  room  rent. 
With  terminals  operated  as  a  unit  there  must  be  a  separa- 
tion of  charges.  There  must  be  physical  connection  be- 
tween every  pier  and  every  railway  and  every  warehouse 
at  a  uniform  charge. 

How  is  complete  flexibility  between  piers  and  rait- 
way  accomplished?  The  l*lt  railway  is  the  solution. 
There  are  two  kinds  of  belt  lines:  the  outer  belt  line, 
which  connects  the  railroads  before  they  enter  the  port 
area,  and  the  inner  belt  line,  which  connects  the  piers 
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with  each  other,  with  the  outer  belt  lines  and  with  the 
main  lines.  It  has  been  contended  in  hearings  and  in 
the  press  that  New  York  docs  not  need  a  harbor  belt  line, 
because  the  waters  in  the  harbor  serve  better  than  any 
belt  line  could  do.  Universality  is  accomplished  by  the 
lighterage  system,  and  this  has  helped  to  make  New 
York  great.  Now  is  it  peculiar  to  the  port  of  New  York 
that  the  harbor  has  water  in  it?  There  is  not  quite  as 
much  water  at  New  Orleans,  Montreal,  Hamburg,  Man- 
chester, and  elsewhere,  but  San  Francisco  has  even  more 
water  than  New  York.  Yet  these  ports  have  belt  lines. 
We  Puritanical  Americans  are  inclined  to  look  at  every- 
thing from  the  moral  standpoint:  that  it  is  cither  all  good 
or  all  bad,  either  black  or  white.  There  are  no  shades 
in  between.  There  may  or  may  not  be  gradations  be- 
tween good  and  bad  in  morality,  but  in  port  development 
there  arc  all  sorts  of  things  which  taken  together  make 
a  good  port.    No  one  thing  will  do  it. 

The  function  of  the  harbor  belt  railway  is  to  enable 
carload  freight  to  come  directly  to  the  pier-shed  without 
rehandling.  As  will  be  discussed  later,  this  does  not 
mean  that  lighters  are  to  be  abolished.  On  the  con- 
trary, harbor  lighters,  both  large  and  small,  are  a  most 
neglected  asset.  The  economic  waste  to  be  eliminated  is 
opening  a  car  and  transferring  its  contents  to  a  lighter 
to  be  towed  to  a  ship  when  the  car  should  be  switched 
to  the  pier-shed  over  a  belt  line,  to  be  unloaded  into  the 
pier-shed  to  await  the  arrival  of  the  ship.  Note  that  it 
is  never  considered  for  a  moment  to  load  a  ship  directly 
from  the  cars.  There  arc  exceptions  in  the  case  of  large 
and  heavy  pieces  which  should  be  brought  alongside  on 
gondola  or  flat  cars.  However,  this  is  a  small  proportion 
of  all  the  miscellaneous  cargo  of  all  the  ships.  A  recent 
high  port  authority  and  also  a  metropolitan  daily  with 
an  editorial  writer  of  renown  on  these  subjects  have 
argued  continually  that  ships  cannot  be  loaded  from  rail- 
way cars  directly,  therefore  why  have  a  belt  line  at  all  ? 


IN-STREAM  UNLOADING  PROM  STEAMER  TO  BAROK  FOR  THE  IN- 
TERIOR WATERWAYS  BY  MEANS  OF  PNEUMATIC  ELEVATORS 


No  one  intends  to  load  from  car  to  ship  as  a  regular 
routine.  Rehandling  is  the  expensive  part  of  freight 
movement.  Towing  lighters  and  switching  cars  arc 
small  items  of  the  total.  For  instance,  in  handling  car- 
load freight  in  New  York  the  switching  costs  in  New 
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Jersey  are  ten  cents  a  ton,  out  of  a  total  of  $1.25  a  ton 
for  delivering  the  carload  to  New  York.  This  is  for  a 
twenty-ton  load  average,  or  $25  the  car.  This  figure  is 
only  payroll  expense  and  includes  nothing  for  rite  invest- 
ment. The  belt  line  eliminates  several  of  these  expensive 
handlings  of  carload  freight. 

The  best  American  example  of  a  belt  line  is  at  Mont- 
real. Here  the  car  is  switched  from  any  rail  line  to  any 
pier  at  a  flat  rate  of  $5  the  car.  For  the  year  1916,  out 
of  total  receipts  of  $375,000  there  was  a  profit  of  $100,- 
000  from  the  belt  line  service.  The  belt  line  does  a  local 
drayagc  service  for  all  private  warehouse  and  industrial 
plants  located  on  spur  tracks  of  the  belt  line  at  a  flat 
rate  of  $2.50  the  car. 

Also  at  New  Orleans  the  belt  line  has  been  a  success. 

At  San  Francisco  the  same  institution  has  shown  the 
same  success.  For  some  time  there  was  a  link  missing 
in  the  belt,  and  it  cost  about  $12  a  car  to  car-float  around 
the  missing  link.  This  service  was  done  by  a  railroad 
company,  which  collected  accordingly.  The  incident 
brings  out  another  axiom :  "A  belt  line,  to  be  a  success 
and  give  universal  coordination  befrvcen  every  pier  or 
warehouse  and  tvery  railway,  must  be  entirely  under  one 
management  and  perform  the  switching  sen-ice  anywhere 
at  one  flat  rate  to  all." 

At  Hamburg  the  harbor  railway  has  a  total  length  of 
tracks  of  185  miles.  For  less  than  carloads,  minimum  5 
metric  tons,  the  belt  line  charges  are  about  ten  cents 
per  100  pounds.  For  carload  it  is  lj^  cents,  and,  to 
discourage  the  use  of  wharf  sheds  as  far  as  possible, 
the  charge  is  only  three  mills  per  100  pounds  when  the 
transfer  is  direct  from  ship  to  car  and  the  cars  are 
moved  at  once. 

Before  mentioning  various  successful  port  institu- 
tions at  home  and  abroad,  we  may  reiterate  that  port 
planning  involves  the  establishment  of  two  main  reser- 
voirs, the  pier-shed  and  the  warehouse,  with  a  com- 
pletely flexible  universal  connection  between  them  and 
all  vehicles  by  land  and  water.  Keep  constantly  in  mind 
flexibility  of  physical  connection  and  reservoirs,  to  be  sure 
we  are  talking  about  the  same  thing.  We  may  define 
a  port  as  harbor  plus  terminal  facilities. 

A  railway  and  ship-line  map  of  the  world  will  show 
the  obvious  fact  that  the  centers  of  densest  railway  nets 
arc  connected  by  the  most  ship  lines.  Western  Furope 
and  Fastern  United  States  arc  the  first  great  nets  con- 
nected by  the  North  Atlantic  "  Ferry."  The  third  great- 
est railway  net  is  the  La  Plate  district  of  South  America. 
A  large  bundle  of  shipping  lines  connect  it  with  the 
other  two.  Ports  widely  separated  compete  with  one 
another  for  the  commerce  of  the  hinterland.  There  is 
usually  a  more  or  less  clearly  defined  economic  drainage 
basin  which  discharges  thru  a  given  port.  Rotterdam 
has  the  Rhine  Valley,  Hamburg  the  Flbc-Oder,  Antwerp 
all  of  Belgium  and  Northern  France.  Antwerp  econom- 
ically could  not  possibly  be  a  German  port.  New  York 
Competes  with  New  Orleans  and  with  Montreal.  A  glance 
at  a  map  showing  the  movement  of  wheat  from  the 
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"  Head  of  the  Lakes  "  will  show  that  New  York,  Phila- 
delphia, and  Baltimore  compete  successfully  with  Mont- 
real, in  spite  of  the  excellent  management  and  equipment 
of  that  port.  The  reservoir  factor  of  Buffalo,  with  its 
eighteen  or  more  great  elevators,  takes  up  the  sudden 
thrust  of  the  harvest  during  open  navigation  on  the  Lakes 
and  gives  out  the  grain  again  in  an  even  flow  during  the 
time  that  Montreal  is  frozen  shut.  The  port  with  the 
best  facilities  and  the  cheapest  movement  combined  will 
extend  its  hinterland.  The  greatest  known  efficiency  in 
bulk  cargo  handling  is  on  the  Great  Lakes.  Ore  and 
grain  come  down  and  coal  goes  up.  The  Lakes  likewise 
offer  a  two-way  haul  and  no  empties. 

The  efficiency  of  the  Lakes  is  due  to  complete  har- 
mony between  boat,  pier,  and  railroad  car.  The  Lake  boat 
is  all  hatches.  I  counted  thirty-eight  hatches  on  one  boat 
last  summer.  These  hatches  are  twelve  feet  between 
centers.  The  ore  pier  has  a  row  of  pockets  or  bins,  each 
twelve  feet  wide,  which  are  filled  by  twenty- four- foot 
cars  from  the  mines.  Boat,  bins,  and  cars  all  register. 
The  bins  hold  350  tons.  When  a  boat  comes  alongside 
with  all  its  hatches  open,  a  chute  from  each  bin  is  lowered 
into  each  hatch  and  the  sluices  open.  The  record  for 
loading  10,000  tons  of  ore  is  twenty-four  minutes.  The  - 
great  Hewlette  "  Grasshopper  "  unloaders  with  fifteen- 
ton  grab  buckets  will  unload  such  a  boat  in  less  than 
three  hours.  In  thirty  years  the  unloading  costs  have 
been  reduced  from  fifty-six  cents  to  four  cents  per  ton. 
The  per  ton  mile  cost  of  transportation  is  one-half  of  one 
mill. 

The  efficiency  of  a  port  is  not  its  size.  A  map  illus- 
trating the  "  Biggest-in-thc- World  "  idea  in  the  case  of 
New  York  shows  a  map  of  New  York  occupying  one-half 
of  the  page.  Drawn  to  the  same  scale,  the  ports  of  Ham- 
burg, Rotterdam,  Liverpool,  London,  Amsterdam, 
Bremen,  and  Antwerp  all  together  occupy  the  other 
half.  This  is  a  very  poor  commentary  on  the  efficiency 
of  New  York.  It  docs  indicate  the  size  of  the  problems 
confronting  our  greatest  gateway,  but  when  each  of  the 
other  little  dug-out-of-the-mud  ports,  without  breaking 
down,  have  handled  almost  as  much  commerce  as  all 
of  New  York,  then  there  must  be  something  wrong  on 
this  side  with  New  York.  Several  European  ports,  no- 
tably Marseilles,  yearly  average  over  500  tons  of  cargo 
transferred  over  every  linear  foot  of  equipped  quay,  as 
against  150  tons  at  New  York. 

For  the  sake  of  knowing  what  we  arc  talking  about, 
attention  must  be  called  to  the  use  of  the  word  dock. 
There  are  no  docks  at  Hamburg,  but  open  tidal  basin-:. 
At  Bremen,  Antwerp,  and  London  there  are  docks. 

The  docks  of  London  were  dug  out  of  the  river  banks. 
Owing  to  the  tide  variation  of  about  twenty  feet  the 
water  in  the  basins  was  shut  off  from  the  river  to  main- 
tain a  constant  level.  A  dock  is  a  basin  locked  off  by 
water-gates  from  the  changes  of  tide  or  water  level  of 
the  river  or  harbor.  The  expression  "  to  dock  a  ship  " 
has  been  cormpted  to  mean  berthing  a  ship  anywhere,  and, 
finally,  to  mean  the  structure  to  which  the  ship  is  berthed. 
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Thus  a  perfectly  good  pier,  wharf,  or  quay  is  incorrectly 
called  a  dock.  This  leads  to  endless  confusion,  just  as  it 
does  to  use  the  word  gun  when  one  docs  not  mean  ar- 
tillery at  all,  but  a  rifle. 

Antwerp,  before  the  war,  had  planned  one  of  the 
greatest  digging  efforts,  but  the  port  of  Antwerp  suffers 
from  the  conflicting  municipal  and  state  authorities.  The 
plan  was  afterward  abandoned.    The  idea  was  to  dig  a 


HAMBURG 

canal,  called  the  Grand  Coupure,  across  the  bend  in 
the  Scheldt  and  then  construct  a  lock  canal  several  miles 
long,  with  nine  basins,  2500  to  3500  feet  long  and  300 
to  400  feet  wide.  These  basins  were  to  be  added  as  the 
demands  of  commerce  required,  and  were  to  be  fully 
equipped  with  cranes,  sheds,  spur  tracks,  and  upland  for 
classification  yards,  warehouses,  and  industrial  develop- 
ment. The  old  basins,  some  dating  from  Napoleon  Bona- 
parte, are  small  affairs  in  comparison. 

Bordeaux  also  intended  to  build  a  dock  harbor  on 
the  locked  canal  and  side-arm-basin  principle.  This  has 
been  commenced.  The  structures,  which  look  like  piers, 
are  not  piers  in  the  American  sense,  but  tongues  of 
land  several  thousand  feet  long,  faced  with  masonry 
quay  walls.  Pile  structures  arc  not  practical  in  such  large 
units. 

Manchester,  the  inland  town  which  became  a  port, 
has  docks  and  quays.  The  longest  docks  arc  2700  feet 
by  300  feet.  It  seems  that  in  Europe  whenever  a  harbor 
is  dug  out  of  the  ground  the  quay  system  and  not  the 
pier  system  prevails.  Most  of  these  harbors  arc  dug  out 
of  low-lying  marsh  land,  and  the  spoil  of  the  dredges  is 
used  to  fill  the  land  to  a  sufficient  height  for  building 
construction. 

Tilbury  docks,  London,  arc  an  excellent  example  of 
the  dock  harbor  and  the  artificial  basin.  There  is  a  tidal 
antechamber  or  waiting  basin  and  locks  thru  which  a  ship 
passes  into  the  constant  level  water  of  the  dock.  The 
dock  consists  of  a  turning  basin  and  three  slip  basins  of 
300  feet  width  between  two  filled  piers  1600  feet  long. 
These  piers  carry  spur  tracks  at  each  edge  and  down  the 
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QUAY  EQUIPMENT.  BONAPARTE  BASIN.  ANTWERP 

center,  and  four  transit  sheds  on  each  quay.  Back  of 
the  piers  are  the  railway  classification  yards. 

The  reason  of  the  narrow  pier  is  historical.  The 
city  or  state  had  title  to  land  under  water  at  the  exten- 
sion of  the  streets,  and  the  pier  was  therefore  no  wider 
than  the  streets  of  which  it  was  an  extension.  The 
piers  were  large  enough  for  the  ships  at  the  time  they 
were  built.  This  is  no  reason  for  retaining  the  narrow 
pier  system  for  large  modern  ships. 

The  vexing  question  of  the  width  of  piers  includes 
the  factors  of  tracks,  of  cranes  or  other  transfer  machin- 
ery, and  the  question  of  the  amount  of  cargo  which  the 
pier  will  be  required  to  hold. 

In  the  first  place,  the  pier-shed,  unencumbered  with 
teams,  railway  tracks,  or  other  obstructions,  must  be  large 
enough  to  hold  without  crowding  the  entire  cargo  of  the 
largest  ship  using  the  berth.  An  analysis  of  the  most 
successful  ports  shows  that  at  least  ten  square  feet  per 
measurement  ton  of  cargo  has  been  the  practice.  The 
floor  space  is  what  counts,  as  there  is  great  loss  of  effort 
in  tiering  more  than  shoulder  high  in  a  transit  shed  where 
the  freight  remains  only  a  few  days.  We  must  keep 
clearly  in  our  minds  that  the  pier-shed  is  a  reservoir 
to  collect  and  hold  the  cargo  for  a  ship  until  the  ship  is 
loaded,  or  to  receive  the  cargo  of  the  ship  as  fast  as 
the  ship  can  be  unloaded  and  hold  it  until  the  goods  can 
be  taken  away  to  the  warehouse  or  other  destination. 
Cargo  must  be  assembled  before  a  ship  arrives  at  its 
berth  in  order  to  have  it  classified  as  to  port  of  destina- 
tion and  for  proper  stowing. 

Also,  cargo  must  be  gotten  out  of  the  ship  as  rapidly 
as  possible  in  order  that  the  ship  may  load  and  leave 
again.  All  this  requires  much  handling.  This  handling 
requires  elbow  room.  Ten  square  feet  per  ton  of  cargo 
of  the  largest  ship  is  the  minimum  space  to  allow.  This 
would  mean  a  shed  1000  by  150  feet  for  15,000  cargo 
tons.  It  has  been  found  that  a  better  dimension  is  750 
by  200  feet.  This  seems  a  very  wide  shed  to  most  of  us, 
but  this  is  the  dimension  of  the  most  recent  layouts 
abroad,  at  ports  which  have  found  the  other  sizes 
inadequate. 

For  short  distances  not  over  200  feet  there  is  no  sub- 
stitution for  the  hand  truck  as  to  flexibility.     It  is 


quicker  to  run  across  the  pier  from  the  hatch  than  along 
the  pier. 

Above  everything,  freight  must  not  be  allowed  10 
"  hang  "  in  the  ship  slings  while  unloading.  It  must 
be  gotten  away  as  fast  as  it  comes  out  To  prevent 
"  hanging,"  stevedores  are  kept  waiting.    This  is  a  loss. 

There  has  been  much  talk  about  eliminating  the  hand 
truck.  The  hand  truck  cannot  be  eliminated.  There  may 
be  devised  many  helps  and  aids  for  the  longer  haul.  The 
hand  truck  becomes  uneconomical  above  a  certain  dis- 
tance of  150  to  200  feet.  It  is  then  worth  while  to  pick 
up  the  load  by  mechanical  means  for  a  longer  haul. 
There  is  the  electric  truck  for  this  purpose. 

The  electric  truck  requires,  skilled  attention  and 
smooth  pier  deck. 

The  telfer  requires  a  heavy  superstructure  and  skilled 
operation.  The  possibilities  of  both  electric  and  telfer 
are  great. 

Particularly  promising  is  the  removable  body  in  con- 
nection with  the  telfer  and  the  system  of  store-door  de- 
livery. This  system  uses  the  hand  truck  or  lurry  for 
short  movements  to  within  reach  of  the  telfer.  The  loaded 
lurries  are  picked  up  bodily  and  carried  to  the  waiting 
motor  truck  chassis,  which  arc  built  to  carry  two  each. 

The  inauguration  of   

store-door  delivery  by 
zones  with  pooled 
terminal  facilities 
should  make  the  telfer 
and  the  removable 
body  practical.  Also, 
the  dray  would  be 
banned  from  the  pier- 
shed,  where  it  is  such 
a  nuisance. 

The  narrow  cov- 
ered pier  accommo- 
dating only  one  ship 
and  not  over  1000  feet 
in  length  is  not  so  in- 
efficient when  it  serves 
only  as  a  transfer 
bridge.  This  is  its 
function  at  Xcw  York. 
As  there  is  no  belt  line 
connection  by  rail  at 
New  York,  and  as  this 
service  is  done  by  the 
lighter,  the  berth  op- 
posite the  discharging 
ship  is  left  free  for  lighters.  The  freight  is  trucked 
across  the  pier  from  the  ship's  sling  to  the  lighter. 

Some  efforts  have  been  made  to  make  the  cross-pier 
movement  by  mechanical  means.  This  effective  system 
is  satisfactory  so  long  as  the  deck  of  the  pier,  the  floor 
of  the  pier-shed,  is  kept  free  from  obstructions,  such  as 
drays  and  railroad  tracks.  There  is  no  place  for  railroad 
tracks  on  the  usual  narrow  pier.    It  is  too  small  as  it  is. 


TUB  ANCIENT  SYSTEM  OF  WATER- 
SI  1)8  DELIVERY  AS  PERPECTED  IN 
THE  MODERN  FREE  PORT  WARE- 
HOUSE DISTRICT.  LIGHTERS  DO  THE 
WORK  ELSEWHERE  DONE  BY  DRAYS. 
CARTS  AND  TRUCKS 
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So  long  as  the  pier  serves  as  transfer  bridge  from  ship 
to  lighter  there  is  really  no  need  of  rail  connection. 

With  the  introduction  of  the  belt  line  connection  from 
transit  shed  to  railway  system  the  question  arises  where 
to  put  the  tracks  on  the  pier.  At  one  of  the  Bush  piers 
the  tracks  are  simply  laid  down  the  middle  of  the  pier  flush 
with  the  pier  deck. 

Cars  are  not  only  difficult  to  load  from  the  track 
level,  but  the  pier  deck  is  now  cut  in  two.  When  the 
deck  is  divided  by  tracks  it  becomes  necessary  to  have 
each  half  large  enough  to  hold  the  entire  cargo  of  a  ship. 
The  result  is  two  transit  sheds  separated  by  the  railroad 
track. 

This  has  been  done  in  the  new  Philadelphia  piers. 
They  are  300  feet  wide  and  carry  what  amounts  to  two 
sheds  separated  by  two  railroad  tracks  down  the  middle. 
Goods  when  unloaded  and  classified  arc  trucked  across 
the  deck  of  the  pier,  not  to  waiting  lighters,  Imt  to  waiting 
freight  cars. 

What  has  become  of  the  lighters?  They  are  too  valu- 
able a  piece  of  harbor  equipment  to  fall  by  the  wayside. 
The  lighters,  as  at  Hamburg,  London,  and  elsewhere, 
have  much  to  do.  They  handle  less  than  carload  freight 
to  ships  in  stream,  goods  from  local  warehouses  and 
manufacturers  on  the  water  front.  Also,  freight  in  less 
than  fifty-ton  lots  to  river  barges. 

The  lighters  must  now  lie  on  the  water  side  of  the 


A  NEW  YORK  PIER  WITH  CARGO  MASTS 

ship  and  receive  freight  directly  from  the  ship  overside. 
Also,  they  may  come  alongside  the  pier  after  the  ship 
has  gone.  Here  the  crane  is  a  great  advantage  over  the 
cargo  mast  or  ship's  tackle,  and  an  explanation  why  it  is  so 
universally  used  at  the  best  European  ports,  in  particular 
at  those  ports  where  there  is  much  lighter  and  barge 
traffic. 

As  soon  as  the  lighters  come  into  the  pier  slip  as 
part  of  the  day's  work  it  becomes  necessary  to  make  the 
pier  slip  wider.  Otherwise  there  will  be  no  room  for 
ships  and  lighters.  The  kind  of  congestion  which  ensues 
is  seen  at  some  of  the  old  pier  slips,  only  125  feet  wide. 
Lighters  often  become  wedged  in  and  miss  the  boat. 
Philadelphia  is  allowing  300  feet  as  the  latest  slip  width. 


A  new  pier  at  Cleveland,  Ohio,  shows  a  successful 
effort  to  connect  the  steamer  with  the  railroad.  The  pier 
is  700  feet  long  by  300  feet  wide.  On  either  side,  set 
back  from  the  water's  edge,  arc  the  pier-sheds,  and  in  the 
center  of  the  pier,  back  of  each  shed,  is  a  pair  of  rail- 
road tracks.  In  the  center  of  the  pier  is  a  wagon  road. 
However,  with  the  width  of  the  pier  there  could  be 
added  several  times  the  length.  A  single  narrow  pier 
cannot  be  much  over 
1000  feet  in  length 
without  loss  of  effi- 
ciency and  congestion. 
However,  when  the 
wide  double  pier  is 
once  started,  with  ade- 
quate rail  and  team- 
ing roads  in  the 
center  and  with  the 
freight  movement 
crossing  the  shed  to 
the  tracks  or  teams  in 
the  rear  instead  of 
down  the  pier  to  the 
bulkhead,  then  there 
is  no  reason  why  the 
pier  should  not  be  ex- 
tended to  3000  or 
4000  feet.  A  pier  of 
this  type  is  nothing 
but  the  European 
quay  system.  A  nar- 
row pier  cannot  have 
tracks,  trucks,  or 
length.   A  wide  pier  can  have  all  of  these. 

Commonwealth  Pier,  Boston,  failed  for  lack  of  uni- 
versal connections  by  rail.  However,  the  middle  should 
have  been  left  for  cars  and  teams  and  not  covered  for 
warehousing. 

The  question  of  car  tracks  on  the  water  side  of  the 
pier  is  completely  involved  in  the  question  of  freight- 
handling  machinery.  The  movement  from  ship  to  car 
and  from  car  to  ship  is  not  frequent,  and  only  in  the 
case  of  certain  heavy  articles  which  require  particular 
machinery.  As  the  usual  gantry  crane  in  vogue  is  of  three 
tons  capacity,  and  seldom  over  five  tons,  it  is  usually 
necessary,  even  in  the  best  equipped  ports,  to  have  a 
floating  derrick  come  alongside  and  negotiate  heavy 
loading. 

In  European  ports  packages  of  three  tons  are  loaded 
directly  from  flat  or  gondola  cars  to  ship  just  as  at  New 
York  from  cars  to  lighter. 

The  most  recent  works  at  Bremen  show  a  wide  pier- 
shed  set  well  back  from  the  water's  edge,  with  floor 
level  with  freight  car  floors  and  served  by  great  semi- 
portal  gantry  cranes  of  imposing  dimensions. 

At  Hamburg  the  cranes  are  set  every  100  feet  along 
the  quay  wall.  The  railroad  tracks  at  the  ship's  side  are 
only  for  emergency.    They  are  therefore  set  flush  with 


HAMBURG— A  LOA D OF  HARVESTING 
MACHINERY  BEING  LIGHTERED 
PROM  SHIP  TO  WAREHOUSE  INSTEAD 
OF  DRAYED;  CHARGES  JOC.  PER  100  LBS. 
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the  pavement  in  order  to  allow  easy  trucking  across 
them. 

When  the  freight  comes  out  faster  than  it  can  be 
taken  away  by  the  stevedores  it  is  never  allowed  to 
"  hang,"  but  it  is  set  down  at  the  most  convenient  vacant 
space.  A  ship  tackle  or  cargo  mast  has  a  deposit  area 
of  eight  to  ten  feet  square ;  a  crane,  twenty  to  forty  feet 

Four  to  six  of  these  cranes  work  a  ship,  sometimes 
eight.  Two  can  usually  work  at  each  hatch.  The  usual 
rate  of  discharge  at  Hamburg  is  250  tons  of  general  cargo 
per  hour.  The  record  of  the  Saxonia  at  Boston  a  few 
years  ago  was  190  tons  an  hour.  The  Liverpool  Hand- 
book cites  the  case  of  The  Lake  Chamflaney,  which  dis- 
charged 12,000  tons  of  measurement  cargo  in  forty-eight 
hours,  which  is  an  average  of  250  tons  an  hour.  The 
record  at  New  Orleans  for  side  port  delivery  is  130 
tons  an  hour,  but  it  cost  seventy-five  cents  a  ton.  With 
cranes  working  for  a  record,  they  should  do  500  to  800 
tons  per  hour.  The  charge  for  the  use  of  the  public 
cranes  at  Hamburg  is  three  cents  a  ton. 

A  similar  layout,  only  smaller,  may  be  noted  at  the 
municipal  port  of  Stettin,  on  the  Baltic. 

Along  the  basins  at  Antwerp  there  is  full  crane 
equipment,  but  the  sheds  have  been  set  well  back,  without 
any  elevated  platform  for  loading  into  railway  cars. 
Some  of  the  sheds  have  rail  connection  at  the  rear  and 
some  have  not.  There  is  plenty  of  room  to  maneuver, 
but  the  feeling  of  security  from  pilfering  is  not  great. 
Some  of  the  basins  are  lined  with  cranes,  but  have  no 
sheds  at  all. 

At  Stavanger,  in  Norway,  there  are  neither  quays  nor 
sheds,  but  there  are  tracks  to  allow  the  goods  to  be 
brought  alongside  the  ship  within  reach  of  the  ship's 
tackle  and  thus  reduce  handling  and  hand  trucking  to  a 
minimum. 

At  Valparaiso,  Chile,  there  is  found  the  European  quay 
and  crane  system  of  layout.  The  ports  of  South  Amer- 
ica represented  improvements  of  one  billion  francs  for  the 
ten  years  before  the  great  war. 

It  is  often  stated  axiomatically  that  the  pier-shed 
should  be  as  close  to  the  edge  of  the  pier  as  possible.  We 
have  just  seen  that  well-organized  ports  set  the  sheds 
back  thirty  to  thirty-five  feet  from  the  quay  wall.  Again, 
both  systems  are  right,  depending  on  circumstances. 
Cranes  have  a  longer  reach,  and  there  is  also  more  room 
inland  in  the  quay  system.  In  the  case  of  the  pier  there 
is  so  little  room  for  deck  space  that  the  entire  surface 
must  be  utilized. 

A  recent  wharf  at  Jacksonville  has  gone  ever  further 
from  the  water's  edge  than  necessary.  A  semi-portal 
instead  of  a  locomotive  crane  and  the  shed  nearer  the 
water's  edge  would  have  been  better.  However,  when 
a  smaller  port  does  as  well  as  this  it  should  be  con- 
gratulated and  not  scolded. 

The  new  Galveston  cotton  warehouse  wharf  embodies 
much  of  the  most  approved  and  modern  practice.  The 
wharf  apron  carries  two  car  tracks  spanned  by  two  semi- 
portal  gantry  cranes.    Across  the  wharf  are  the  freight 


car  tracks.  The  shed  is  two  stories  of  concrete,  and 
both  floors  are  served  by  cranes  and  freight  cars.  Loco- 
motive cranes,  as  at  Jacksonville,  will  occupy  much  more 
room  than  the  semi-portal  crane. 

The  cargo  mast  is  a  fortunate  compromise.  It  is  often 
argued  that  the  reason  the  European  ports  use  cranes  is 
because  the  freight  cars  are  open,  and  the  Americans 
do  not  use  cranes  because  of  the  prevalence  of  the  box 
car  with  us.  This  is  like  saying  that  it  is  warm  in  sum- 
mer because  there  is  no  snow.  The  fact  that  the  cranes 
are  used  extensively  is  the  reason  for  the  prevalence  of 
the  open  freight  car.  The  use  of  the  crane  is  to  be 
found  due  to  the  fact  that  water  transportation  by  barges 
makes  unloading  machinery  on  shore  necessary.  Also,  a 
potent  reason  is  the 
fact  that  the  equip- 
ment is  supplied  by 
municipal  authorities 
not  looking  to  a 
large  return  on  the 
money.  Still  another 
reason  is  the  fact  that 
more  cargo  passes 
over  a  municipal  pub- 
lic quay  per  linear 
foot,  and  therefore  the 
burden  of  the  addi- 
tional cost  of  the  quay 
equipment  is  more  di- 
luted per  ton  lifted.  A 
final  reason  is  that  the 
quay  system  has  more 
room  back  from  the 
water's  edge. 

The  American  ma- 
chincless  unloading 
may  be  defective,  but 
there  is  no  room  on 
a  narrow  pier  for 
cranes.  The  cargo 
mast  is  a  successful  compromise.  On  the  pier  edge 
masts  carrying  a  girder  at  a  height  of  seventy-five 
to  eighty  feet  above  low-water  deck  extend  along  the 
water's  edge.  A  block  and  tackle  with  a  line  from  a  drum 
hoist  on  the  pier  to  the  hook  is  berthed  to  this  girder.  A 
ship's  boom  and  hoist  also  operates  another  line  to  the 
same  hook.  There  are  three  movements.  Where  the  load 
in  the  hold  is  attached  to  the  hook,  ( 1 )  the  ship's  winch 
raises  the  load;  (2)  the  pier  winch  then  starts  to  pull 
and  the  ship's  hoist  lets  go;  (3)  the  pier  hoist  then  lowers 
the  load.  The  movement  is  without  lost  motion  and  by 
the  shortest  possible  route.  The  cost  of  installation  is 
low,  the  saving  is  great.  The  cost  of  operating  two 
hoists  and  two  operators  instead  of  one  is  greater  than 
with  the  crane.  For  the  sea  ship  the  system  is  splendid, 
but  useless  for  barges.  Both  the  crane  and  the  cargo  mast 
operate  at  about  forty  cycles  an  hour. 

It  has  been  mentioned  that  at  many  ports  where  the 


AT  STAVANGBR.  NORWAY. THE QU AY 
HAS  NO  MECHANICAL  EQUIPMENT. 
BUT  IT  HAS  RAILROAD  CONNECTION. 
AN  INDISPENSABLE  ELEMENT  OF 
THE  PORT 
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connection  with  the  interior  by  water  has  been  well  de- 
veloped, cargo  ships  (bulkers)  discharge  overside  in 
stream  while  moored  to  pile  clusters  or  Due  D'Alves. 
For  this  no  wharfage  is  charged  at  Hamburg.  The  ex- 
pensive wharves  charge  fees  on  their  general  cargo  which 
the  low-grade  bulk  cargo  will  not  bear.  A  ship  carrying 
the  major  part  of  the  cargo  in  bulk  and  a  small  part  of 
it  high-grade  package  freight  will  do  better  to  stay  at  the 
mooring  posts  and  have  the  freight  lightered  to  her. 

Rotterdam  planned  the  port  to  accommodate  water 
connection  with  the  Rhine,  Fach  new  basin  to  be  dug 
out  of  the  land  has  been  wider  and  with  more  rows  of 
mooring  posts.  The  first  group  of  basins,  in  the  town, 
built  about  1600,  were  small.  There  were  ten  of  them. 
The  next  four  were  built  about  1879  and  were  much 
larger.  The  Maas  Haven,  o[»cncd  in  1905,  covers  150 
acres  and  has  three  rows  of  mooring  posts.  A  town  wa> 
torn  down  to  make  room  for  it.  The  last  great  basin,  the 
Waal  Haven,  not  yet  completed,  will  cover  "00  acres  with 
many  rows  of  dolphins. 

The  system  of  overside  discharge  in  stream  has  de- 
veloped a  particular  type  of  cargo  boat.  The  importance 
of  the  Rhine  navigation  may  be  gathered  from  the  fact 
that  in  1913  there  was  a  Rhine  fleet  of  4400  boats  with 
a  cargo  capacity  of  2,326,000  metric  tons,  and  that  16,- 
300,000  tons  going  down  and  19,000,000  tons  going  up 
the  Rhine  crossed  the  frontier  in  1913.  The  total  Rhine 
navigation  was  76,000,000  tons.  Barges  as  large  as 
3500  tons  leave  Rotterdam.  This  shows  what  can  be  done 
with  the  Barge  Canal  and  the  Mississippi  River. 

At  Hamburg  only  about  half  of  the  entire  tonnage 
movement  is  negotiated  in  stream.  The  basins  are,  there- 
fore, not  entirely  for  mooring- post  berths.  A  single  row 
of  posts  to  accommodate  two  rows  of  ships  is  sufficient. 
There  are  ten  miles  of  such  mooring  posts.  One  of  the 
most  modern  basins  shows  steamers  loading  and  unload- 
ing at  both  quays,  with  lighters  anil  barges  alongside,  and 
also  two  rows  of  cargo  boats  in  stream  discharging  into 
lighters  and  barges.  There  is  a  heavy  duty  floating  der- 
rick alongside  one  ship  and  the  pneumatic  grain  elevators 
alongside  another. 

Pneumatic  elevators  discharge  grain  overside  into 
barges.  Several  elevators  will  work  at  one  ship.  The 
rate  of  discharge  from  ship  to  barge  per  elevator  is  seven 
to  eight  hundred  tons  per  nine-hour  day.  Four  machines 
will  therefore  transfer  3000  tons,  or  112,000  bushels  per 
working  day. 

The  harbors  of  the  Atlantic  seaboard  at  the  present 
time  are  full  of  ships  anchored  and  taking  freight,  in 
particular  explosives,  overside  from  lighters.  In-stream 
loading  is  necessary  in  this  case  because  of  the  nature  of 
the  cargo,  as  well  as  because  of  congestion  at  the  pier. 
However,  without  protection  and  from  choppy  ware- 
houses, the  steamer  swinging  about  at  her  moorings  with 
every  change  of  wind  and  tide,  the  work  is  dangerous, 
and  the  amount  of  harbor  area  required  per  ship  is  great. 
With  the  opening  of  the  barge  canal  in-stream  loading  at 
dolphins  should  become  a  necessity. 
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The  Warehouse. — The  pier-shed  is  the  reservoir  to 
hold  a  shipload  for  one  sailing.  That  is  why  we  call  it  a 
transit  shed.  The  warehouse  system  is  the  reservoir  for 
the  entire  port  for  months  and  seasons.  The  present  col- 
lapse at  the  ports  is  due  not  only  to  the  fact  that  the 
transit  sheds  do  not  hold  a  full  cargo,  but  to  insufficient 
warehouse  space  to  hold  any  overload  of  traffic.  Mr. 
Gcddcs,  a  famous  F.nglish  expert  in  port  and  freight 


ROTTERDAM 


handling  matters,  said  to  me  that  the  Antwerp  authorities 
figured  on  a  warehouse  capacity  of  one  and  one-half 
times  the  cargo  capacity  of  the  port. 

The  Rotterdam  warehouses  are  located  near  the  water 
front.  They  are  built  in  the  place  of  a  pier-shed  a  short 
distance  back  from  the  water's  edge,  within  reach  of 
long-arm  jib  cranes.  Some  are  connected  by  a  bridge 
spanning  the  marginal  sheet. 

In  Brooklyn  they  use  a  telfer  to  establish  physical 
connection  between  the  transit  shed  and  the  warehouse 
across  a  marginal  driveway  and  railway.  Direct  con- 
nection is  an  absolute  essential.  The  warehouse  must  be 
completely  connected  with  the  water  front  and  with  the 
railway  service. 

One  handsome  set  of  London  warehouses  has  only 
dray  connection  with  the  other  means  of  transportation. 
Many  of  the  Liverpool  warehouses  must  cart  every  pound 
of  freight  to  and  from  their  doors.  This  is  a  fearful 
economic  waste.  But  at  Liverpool,  as  at  New  York, 
these  conditions  have  been  a  bad  heritage  from  pre- 
railroad  times.  On  the  other  hand,  the  goods  house  of 
the  London,  Tilbury,  and  South  Knd  Railway  is  an  ex- 
ample of  the  best  intensive  development  of  the  modern 
railroad  freight  terminal  in  direct  connection  with  the 
Tilbury  docks,  linking  ships,  transit  shed,  and  rail- 
way net. 

The  Calvin  Tomkins  plan  for  the  West  Side  of  New 
York  went  a  step  further  and  applied  the  principles  of 
intensive  freight-house  development  to  the  marine  termi- 
nal warehouse.  The  result  is  a  freight  warehouse  with 
direct  rail  connection,  in  the  lower  levels,  with  the  transit 
shed  of  the  steamship  pier  by  means  of  a  short  spur 
track,  and  with  the  truck  railroads  by  belt  line  loading 
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facilities  for  local  cartage  are  ample.  A  similar  plan  of 
many-storied  warehouse  over  the  freight  yard  is  nearing 
completion  in  Chicago  for  the  Pennsylvania  Railroad. 
The  structure  is  not  only  modern  in  equipment  and  of 
enormous  dimensions,  but  architecturally  a  marvellous 
edifice.  The  day  of  the  open  freight  yard  and  the 
isolated  warehouse  is  past.  Urban  freight  terminal  yards 
now  occupy  only  warehouse  basements.  Cuppers'  Termi- 
nals at  St.  Louis  are  a  notable  example.  At  the  Hush 
Terminals  the  rail,  pier,  and  dray  coordination  is  accom- 
plished. 

A  warehouse  should  Ik?  built  with  only  eight  or  nine 
feet  between  floors.  W  ith  low  tiering  not  much  waste 
headroom  is  required,  but  as  many  Hoors  as  are  desirable 
are  possible.  Also,  it  is  found  to  be  more  economical  to 
hoist  the  cargo  to  the  warehouse  floor,  not  by  elevators, 
but  from  the  outside  bv  means  of  long-arm  cranes  or 
"  whip  hoists." 

The  matter  of  uwehouse  location  tuith  respect  to  the 
wharf  is  important. 

At  Bremen,  Stettin,  and  elsewhere  the  warehouse  has 
been  located  directly  back  of  the  transit  sheds  and  across 
a  marginal  driveway. 

Goods  intended  for  the  warehouse  arc  trucked  across 

the  shed  deck  to  the 
rear,  where  the  crane 
picks  them  up  and  sets 
them  into  the  floor  of 
the  warehouse  where 
they  are  to  go. 

This  seems  very 
good  in  theory,  but  let 
us  look  at  the  situa- 
tion more  closely. 
Suppose  a  merchant 
keeps  his  stock  all  to- 
gether in  a  warehouse, 
and  a  ship  with  a  con- 
signment for  htm 
docks  at  a  wharf  a 
mile  down  the  quay. 
It  will  be  necessary  to 
cart  the  consignment 
a  mile  along  the  water 
front.  The  warehouse 
might  as  well  be  a 
mile  inland.  The  cart- 
ing is  the  very  thing 
it  was  sought  to  avoid 
by  locating  the  warehouses  directly  behind  the  transit 
shed. 

Warehouses  and  Water-side  Delivery. — The  ware- 
house system  which  affords  the  greatest  flexibility  is  the 
warehouse  group  with  water-side  delivery  by  lighter.  At 
New  York  and  elsewhere  the  lighter  has  grown  to  be  of 
600  tons  capacity,  and  its  service  is  to  continue  the  jour- 
ney of  a  train  load  of  freight  which  has  reached  the 
end  of  its  track.    There  is,  however,  a  small,  fast  lighter 


THE  ANCIENT  SYSTEM  OF  WATER. 
MDE  DELIVERY  TO  WAREHOUSES 
BUILT  ON  CANALS  AS  DEVELOPED  IN 
HAMBURG 


which  is  not  designed  to  supplant  the  railroad  car,  but  to 
eliminate  as  far  as  possible  the  dray  or  truck  traffic  with 
the  warehouse. 

Goods  brought  alongside  the  warehouse  in  "  lighter 
drays  "  are  hoisted  directly  into  the  warehouse  by  elec- 
trically operated  fall  ropes. 

This  lighterage  trucking  system  at  Hamburg  was  an 
historical  heritage.  The  "  new  warehouse  town,"  opened 
in  1888,  was  built  with  access  to  the  warehouse  by  means 
of  a  lighter  canal.  On  the  land  side  the  warehouses 
face  a  street  for  drays  and  spur  tracks  as  any  other 
warehouse. 

This  system,  which  is  developed  at  Rotterdam  and 
at  Hamburg,  is  an  evolution,  not  an  invention.  Ham- 
burg was  a  free  and  independent  city-state  from  1292  . 
until  1871.  Since  then  its  extensive  residuary  state 
rights,  of  which  the  Free  Port  is  one,  make  it  an  imperium 
in  imperio.  For  this  reason  the  port  of  Hamburg  has 
been  worked  out  and  also  paid  for  by  the  Hamburgers 
and  by  no  one  else.  However,  ihe  English  influence  has 
been  so  strong  that  Napoleon  called  Hamburg  "  Cette 
sale  villc  anglaisc." 

When  the  town  was  founded,  in  1811,  in  the  marshes 
of  the  lower  F.lbe  delta,  as  in  the  case  of  Venice,  for 
safety,  it  became  a  city  of  canals.  Along  these  canals 
the  Hanseatic  merchants  built  their  warehouses,  with  the 
front  or  office  part  toward  the  street  and  the  warehouse 
overhanging  a  canal  in  the  rear  called  "  a  fleet."  The 
ships  anchored  in  the  Elbe. 

An  old  map  of  1796  shows  a  row  or  two  of  mooring 
posts  and  a  log  breakwater.  Connection  between  ship 
and  warehouse  was  by  lighters,  which  are  poled  or 
"  staked."  Lighters  are  still  handled  that  way  in  Lon- 
don. The  modern  method  is  to  tow  them  with  oil-burning 
motor  tugs  operated  by  one  man. 

The  first  breakdown  to  this  system  came  with  the 
advent  of  the  steam  railroad.  As  early  as  1835  the  Eng- 
lish engineer,  Charles  Vignoles,  planned  harbor  improve- 
ments for  Hamburg  with  rail  connection  from  the  quays 
and  from  the  warehouses.  It  was  considered  an  economic 
waste  in  1835  to  dray  carload  freight  from  warehouses 
to  railway  yards. 

The  first  modern  quay  was  opened  1866.  The  first 
municipal  warehouse  in  the  harbor  fitted  with  rails  and 
cranes  was  built  in  1872.  It  was  expected  that  seagoing 
ships  would  berth  alongside  the  quay  and  discharge  di- 
rectly into  the  floors  of  the  warehouse.  This  was  soon 
found  to  be  impractical,  as,  with  few  exceptions,  all 
cargo  must  be  spread  out  on  a  roomy  shed  floor,  to  be 
assorted  according  to  marks.  As  ships  increased  rapidly 
in  size  the  chances  of  discharging  directly  from  ship  to 
warehouse  decreased. 

With  the  incorporation  of  the  state  of  Hamburg  into 
the  German  Customs  Union  and  the  creation  of  a  Free 
Port  Zone  of  "  customs  outland  "  the  entire  warehouse 
system  in  the  town  became  obsolete.  The  creation  of 
the  free  zone  of  about  1200  acres  outside  the  customs 
barrier  made  free  zone  warehouses  necessary.  Accord- 
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ingly  16,000  people  were  moved  from  an  island  near  the 
heart  of  the  business  district,  but  within  the  Free  Port, 
the  buildings  razed,  and  here  a  warehouse  city  was  erected. 
The  important  part  of  it  was  that  in  order  to  retain  the 
ancient  system  of  lighter  movement  between  warehouse 
and  ship  a  lighter  canal  was  cut  thru  the  center  of  the 
area. 

The  "  lighter  dray  "  gives  complete  flexibility  from  any 
pier-shed  in  any  far-off  basin  or  from  a  ship  in  stream 
to  any  one  of  the  group  of  warehouses  near  the  city. 
Draying,  except  for  local  consumption,  has  been  almost 
eliminated,  The  lightermen  perform  the  draying  service 
at  competitive  rates  in  the  neighborhood  of  two  and  one- 
half  cents  per  100  pounds.  Lighters  carry  40  to  100  tons. 

The  study  of  the  peculiarities  of  a  port's  freight  move- 
ment is  essential.  At  the  Bush  Terminals  the  move- 
ment of  freight  is  analyzed  as  this: 

30  per  cent,  is  destined  for  the  warehouse  (by  means 
of  elevated  truck,  mule  "  lurry  "). 

25  per  cent,  carload  railroad  freight  (usually  car 
floated). 

25  percent,  less  than  carload  railroad  freight  (usually 
lightered  or  car  floated). 

20  per  cent,  dray  for  local  delivery. 

At  Hamburg  the  half  of  the  freight  which  docs  not  go 
overside  in  stream  for  barge  transportation  on  the  in- 
terior waterways,  but  over  the  quays,  has  the  following 
distributions : 

18  per  cent,  by  rail  (carload  and  less  than  carload). 

20  per  cent,  dray  to  local  consignee  (or  less  than  car- 
load to  railroad). 

45  per  cent,  by  lighter  to  warehouses  or  to  river  ex- 
press barges. 

17  per  cent,  goes  into  barges  over  the  quay  after  the 
ship  has  left  or  over  the  water  side  of  the  ship  at  the 
quay. 

It  must  be  plain  that  the  belt  line  docs  not  eliminate 
the  lighter.  The  belt  line  simply  takes  care  of  freight 
moving  to  and  from  the  interior  by  rail.  liven  in  rail- 
road New  York  this  is  only  half  of  the  movement  of  the 
great  Bush  Terminal. 

Within  the  free  zone  and  likewise  in  the  town  are 
to  be  seen  canal  systems  which  are  not  of  the  usual 
harbor  character.  These  are  industrial  sections  with 
water-side  delivery.  Mr.  Lindlcy,  an  English  engineer, 
built  one  section  by  the  cut-and-fill  system  of  swamp-land 
reclamation.  A  private  warehouse  in  Hamburg  which 
has  no  canal  side  delivery  is  considered  very  inferior  and 
commands  only  about  one-half  the  usual  rent.  In  hunt- 
ing for  a  warehouse  for  elevator  construction  service  sta- 
tion at  Hamburg  I  found  this  generally  to  be  the  case. 

Water-side  Delivery  for  Industries. — The  advantages 
of  receiving  coal  by  barge  or  lighter,  not  to  mention  other 
materials,  are  convenience  and  a  large  saving  in  expense. 
There  is  great  economic  advantage  of  locating  large  in- 
dustrial plants,  in  particular  heavy  industries,  where  both 
water  and  rail  connection  are  possible.  The  French  have 
recently  awakened  to  the  advantage  which  such  location 
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has  given  the  Germans  in  the  past.  Le  Genie  Civil,  in 
1917,  devoted  several  articles  to  the  subject.  Granted 
water  transportation  cheaper  than  by  rail,  the  principle 
underlying  the  water-side  location  is  that  the  low-grade 
raw  materials  are  less  able  to  carry  the  freight  charges, 
and  that  the  volume  is  greater  than  the  finished  product 
which  can  bear  the  charges. 

At  Frankfort-sur-Main  the  commercial  port  is  com- 
pletely equipped.  The  industrial  terrain  is  located  up- 
land and  has  onlv  land  vehicles  to  serve  it. 


A  FLOl'R  MILL  AT  DETROIT,  SHOWING  THE  ADVANTAGE 
OP  WATERSIDE  DELIVERY 


In  the  case  of  Neuss.  that  progressive  municipality 
built  the  river  port  purely  as  an  industrial  harbor. 
Among  other  industries,  the  town  succeeded  in  getting 
the  International  Harvester  Corporation  to  locate  on 
twenty-five  acres.  Municipal  salesmanship  is  a  fine  art. 
Such  a  side-arm-canal  port  costs  so  much  to  build  that 
if  the  price  asked  be  based  on  a  calculation  of  the  cost  of 
construction  divided  by  the  length  of  water  front  and  then 
the  cost  per  unit  of  water  front  found  by  dividing  by 
the  depth  of  the  plot,  the  proportion  of  cost  per  square 
foot  of  factory  land  would  be  prohibitive.  No  business 
could  stand  it.  However,  the  rivalry  of  some  forty  river 
port  towns  along  the  Rhine  is  so  great  that  the  munici- 
pality pays  the  excess  cost  of  the  harbor  and  knows  that 
the  growth  of  the  industry,  with  its  increased  earning 
power  under  conditions  of  complete  traffic  coordination, 
will  more  than  offset  the  cost  thru  the  increased  tax  re- 
turns, increased  population,  and  general  civic  prosperity. 

The  water  front  of  a  rail-bound  Mississippi  River 
town  shows  a  sad  contrast.  Times  are  changing,  how- 
ever. The  port  of  Duisbcrg  is  a  coal  center.  In  1913 
the  movement  of  the  port  was  25,000,000  tons,  mostly 
coal.  It  is  equipped  with  sixty  coal  car  tippers.  Some 
of  the  basins  arc  a  mile  long. 

Not  only  the  river  port,  but  also  the  sea  port,  if  the 
nature  of  the  ground  is  such,  can  lay  out  an  industrial 
harbor  with  side-arm  canals  to  enable  lighterage  to  super- 
sede draying  for  many  kinds  of  freight.  Bremen  has  done 
this.  The  Vacuum  Oil  Company  is  one  concern  located  in 
this  industrial  harbor. 

The  great  problem  in  building  the  water  connection  is 
to  diffuse  the  high  costs  of  the  harbor  works  over  suf- 
ficient upland.    This  is  a  machine  technical  problem 
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which  will  give  our  best  engineers  much  opportunity  to 
show  their  ingenuity.  How  can  the  benefits  of  water- 
front properties  be  extended  as  far  as  possible  inland? 
is  the  question.  Major  Fordyce  has  utilized  a  chain- 
drive  overhead  trolley  or  telfer  to  connect  cotton  ware- 
houses with  the  wharf.  This  has  been  a  cheap  and  effec- 
tive expedient  at  both  Texas  City  and  Mobile.  Tly: 
problem  of  moving  general  cargo  is  more  difficult.  There 
surely  are  some  queer  packages  to  be  moved  in  general 
cargo. 

At  Detroit  a  certain  flour  mill  has  seen  the  advantages 
of  complete  water  and  rail  connection.  The  wheat  and 
other  grain  comes  by  boat  in  bulk  from  the  Northwest 
and  is  loaded  directly  into  a  concrete  elevator  at  the 
water's  edge.  Just  back  of  the  elevator  and  connected 
with  it  is  a  mill.  At  one  side  of  the  mill  are  spur  tracks 
for  the  rail  service.  Given  universal  rail  service  by  means 
of  a  belt  line,  and  the  coordination  of  transportation 
facilities  is  complete.  F.conomic  waste  is  reduced  to  a 
minimum. 

The  opportunity  of  side-arm  canals  and  water-side 
deliver)-  by  lighter  is  offered  whenever  low  marshy  ground 
is  reclaimed  for  industrial  uses.  It  is  about  as  easy  to 
dredge  the  canals  and  use  the  spoil  as  fill  as  not  to  do  so. 
A  municipal  port  authority  trust  is  the  most  satisfactory 
organization  for  land  reclaiming  and  industrial  and  com- 
mercial |wrt  development.  The  scattered  efforts  of  in- 
dividuals cannot  accomplish  this.  This  was  proven  at 
Rotterdam,  at  Cuxhaven,  and  elsewhere  in  the  70's.  An 
industrial  part  can  be  developed  only  when  the  area  and 
the  number  of  tenants  are  large.  Newark  Bay  or  Jamaica 
Bay  is  such  an  opportunity.  The  bay  is  far  larger  than 
the  entire  harbor  of  Hamburg.  The  development  is  by 
nature  doomed  to  lighterage  connection  with  the  great 
cargo  ships  at  the  port  of  New  York.  Therefore,  why 
not  provide  for  lighterage  streets,  alternating  with  the 
dray  and  railroad  streets?  This  will  give  the  most  eco- 
nomical connection. 

The  one  great  point  to  leave  with  you  is  that  a  port  is 
not  only  a  harbor,  but  includes  terminal  facilities.  Termi- 
nal facilities  include  piers,  warehouses,  belt  railways, 
lighters,  and  industrial  as  well  as  commercial  harbors. 
The  truly  coordinated  port  is  one  where  every  part  is 
connected  with  every  other  part;  every  pier  with  every 
trunk  line ;  every  warehouse  with  every  pier ;  every  trunk 
line  with  every  ship  in  stream  and  with  every  industrial 
plant  in  the  port  area.  This  is  what  is  meant  by  uni- 
versal flexible  coordination  at  ports  with  terminal 
facilities.  

DISCUSSION  BY  MR.  GEORGE  S.  WEBSTER, 

Director  of  Department  of 
Wharves,  Docks  and  Ferries, 
Philadelphia. 

We  are  all  indebted  to  Doctor  MacF.lwee  for  his 
splendid  talk  showing  what  has  been  accomplished  in  the 
principal  ports  of  the  world.  It  is  especially  gratifying 
to  hear  what  he  told  regarding  the  importance  of  economy 
in  operation.    We.  as  engineers,  feel  that  we  can  build 
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piers  substantially,  and  we  recognize  that  there  must  be 
economy  in  their  oj>eration  if  we  are  to  compete  with  other 
ports. 

The  policy  of  the  city  of  Philadelphia,  as  many  of 
you  know,  is  gradually  to  acquire  the  property  along  the 
river  front,  so  that  there  may  be  had  here  a  municipally 
controlled  and  operated  i>ort,  similar  to  New  Orleans 
and  San  Francisco.  With  that  object  in  view,  a  compre- 
hensive plan  has  been  worked  out  and  designs  made  for 
pier  construction  in  the  southern  part  of  the  city.  The 
piers  as  planned  arc  of  ample  width  to  accommodate  the 
business  that  we  believe  will  come  to  them,  and  particu- 
larly to  facilitate  the  delivery  of  goods  by  trucks,  for  there 
must  be  delivery  of  goods  to  all  piers  from  nearby  points 
of  production.  We  find  that  those  who  handle  trucks  in 
the  city  of  Philadelphia  have  very  much  less  objection  to 
going  farther  to  a  wide  pier  where  there  is  no  congestion 
or  delay  than  to  a  smaller  pier  (hat  is  the  center  of  con- 
gestion, where  they  may  wait  for  several  hours,  or  even 
an  entire  day,  to  unload  their  cargoes. 

There  arc  superior  advantages  in  Philadelphia— ad- 
vantages which  meet  the  various  specifications  laid  down 
by  Doctor  MacElwee  as  the  requirements  of  a  perfect 
harbor.  We  have  the  advantage  of  a  public  belt-line 
railroad  along  the  river  front,  and,  while  the  present  belt 
line,  it  must  be  admitted,  has  not  accomplished  all  that 
it  was  hoped  it  would,  nevertheless  it  is  a  railroad  char- 
tered, planned,  and  operated  in  the  public  interest,  and 
is  capable  of  being  improved,  so  that  it  can  he  a  real 
public  belt  line,  fulfilling  all  the  purposes  for  which  it  was 
designed.  You  will  remember  when  the  city  secured  an 
agreement  with  the  railroad  companies  in  the  South 
Philadelphia  project  it  was  distinctly  set  forth  that  the 
tracks  should  be  laid  around  the  southern  section  of  the 
city  and  be  constructed  as  a  joint  railroad  and  as  a  gate- 
way for  any  railroads  that  might  in  the  future  desire  to 
enter  the  city.  With  this  as  a  beginning,  we  have  the  first 
essential  to  a  port,  getting  cargoes  directly  to  the  water 
front  cheaply,  over  sidings  leading  to  the  piers,  and  pub- 
lic piers  are  all  connected  with  a  belt  line,  so  that  every 
railroad  entering  this  city  may  have  the  freest  oppor- 
tunity without  any  restriction,  without  preference,  with- 
out any  advantage  over  another,  to  enter  ti|N>n  these  piers 
and  discharge  its  cargoes. 

We  have  extending  along  the  river  a  splendid  com- 
mercial avenue  which  will  he  developed  from  League 
Island  to  north  of  Tacony— a  distance  of  probably  twenty- 
one  miles.  This  avenue  will  be  made  of  sufficient  width, 
the  lower  section  being  250  feet  wide-  [West  Street. 
New  York,  is  200  feet  wide] — to  accommodate  trucks 
and  teams  and  give  opportunity  for  manufacturers  to 
haul  directly  to  the  river  front;  and  this  is  no  small  mat- 
ter, for  Philadelphia  and  the  area  around  it  is  a  great 
manufacturing  center. 

There  is  in  Philadelphia  about  one  fiftieth  of  the  popu- 
lation of  the  United  States,  but  we  produce  about  one- 
twentieth  of  the  manufactured  products;  and  then  in  the 
(Continued  on  Patt  SOS) 
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IS  OUR  FUEL  SUPPLY  NEARING  EXHAUSTION?* 

By  R.  H.  FERNALD,  Member 


THE  VITAL  IMPORTANCE  OF  FUEL 

)OD  will  win  the  war;  don't  waste  it."  This 
sfiective  slogan  has  convinced  us  of  the  very 
essential  part  which  conservation  and  pro[»er 
distribution  of  food  arc  to  play  in  the  ultimate  winning 
of  the  war.  Few  of  us,  however,  appreciate  how  vitally 
essential,  if  not  paramount,  is  fuel  in  the  great  world 
struggle.  Our  slogan  might  well  be:  "  Fuel  and  food  will 
win  the  war;  don't  waste  them." 

Some  months  ago  the  Honorable  Franklin  K.  Lane, 
Secretary  of  the  Interior,  was  reported  as  saying :  "  Not 
only  food,  but  fuel  is  a  vital  need  of  this  country  and  of 
our  Allies— coal  to  run  the  ships  and  railroads,  to  feed 
the  iron  furnaces,  and  furnish  steam  for  all  the  manufac- 
turing plants,  coal  in  greater  quantities  than  have  ever 
been  mined  in  the  United  States  or  in  any  part  of  the 
world;  and  this  is  being  met  in  truly  American  fashion 
by  the  operators  and  owners  of  the  mines  and  by  the 
diggers  of  the  coal." 

As  pointed  out  by  Van  Hiset  in  1910:  "  Coal  is  by 
far  the  most  important  of  all  the  mineral  products.  Next 
to  coal  in  importance  is  iron.  These  two  arc  of  much 
greater  consequence  than  all  of  the  other  mineral  products 
put  together.  The  existence  of  extensive  coal  and  iron 
fields  has  profoundly  influenced  modern  civilization.  The 
greatest  commercial  nations  are  Germany,  England,  and 
America,  and  each  has  extensive  coal  and  iron  deposits. 
Little  Belgium,  because  of  its  important  coal  and  iron 
deposits,  is  a  hive  of  industry,  occupying  a  position  as  a 
manufacturing  nation  far  beyond  what  one  would  ex- 
pect from  its  limited  area  and  population." 

The  supreme  industrial  value  of  coal  and  iron  de- 
posits clearly  substantiates  the  claim  that  France  needs 
not  only  Alsace-Lorraine,  but  also  a  very  small  strip  of 
land  (about  three  hundred  square  miles)  close  to  Saar- 
louis,  Germany,  as  shown  by  a  glance  at  the  maps  in  the 
Philadelphia  Public  Ledger,  December  2,  1917,  for  here 
lie  some  of  the  finest  coal  deposits  of  the  continent  of 
Europe. 

That  fuel  is  the  backbone  of  the  present  titanic  strug- 
gle for  world  supremacy  was  completely  driven  home  by 

•Read  at  Special  Meeting.  Engineers'  Club,  February  19, 
1918. 

f'The  Conservation  of  Natural  Resources  in  the  United 
States."  Charles  R.  Van  Hi  sc. 


the  recent  collapse  in  Italy.  "  For  the  want  of  coal  her 
industries  stopped;  for  the  want  of  shells  her  guns  were 
spiked;  for  the  want  of  guns  her  army  was  powerless; 
for  the  want  of  an  army  her  country  was  conquered  by 
the  Hun— and  all  for  the  want  of  some  tons  of  coal." 

THE  WORLD'S  COAL  SUPPLY 

If  it  be  true  that  the  domination  of  the  world  will  rest 
with  those  nations  that  own  or  control  the  two  most  im- 
portant natural  resources — coal  and  iron— a  somewhat 
startling  sidelight  is  thrown  on  our  possible  relation  to 
the  great  problems  of  the  present  century  by  Campbell's  % 
figures  on  the  coal  reserves  of  the  world. 

Coal  Restn  ts  of  the  World 

Short  tow 

Americas    5.627,823,500,000 

Asia    1,410,487,600,000 

Europe    864.412,600,000 

Oceania    187,842,900,000 

Africa   63.755.900.000 

8,154,322.500,000 

The  portion  falling  to  the  United  States  alone  is 
4,205,1 54,000,000  tons,  or  over  half  of  all  the  coal  in  the 
world. 

The  coal  reserves  by  countries  arc  as  follows; 

Short  too 

United  States,  including  Alaska  4.231.352,000.000 

Canada    1,360,535.000.000 

China    1,097,436,000.000 

Germany    466,665.000.000 

Great  Britain  and  Ireland  ....  208,922,000.000 

Siberia    191,667,000,000 

Australia    182,510,000,000 

India    87,083,000.000 

Russia  in  Europe    66.255.000.000 

Union  of  South  Africa    61,949.000,000 

Austria    59,387,000,000 

Columbia    29.762,000,000 

Indo-China    22,048.000,000 

France   19,382.000,000 

Other  countries    69,369,500,000 


8.154.322,500,000 


t  United  States  Geological  Survey  Professional  Paper  100-A, 
by  M.  R.  Campbell. 
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COAL  RESERVES  OF  THE  WORLD  BY  COUNTRIES. 

(SHORT  TONS.) 


1  UNITEO  STATES  4,  231,  352.0  0  0,00  0 

2  CANADA  1,360,535.000,000 

3  CHINA  .1.097, +36,000.000 

*  GERMANY  466.665  000,000 


6.  6  7  8 

5  GREAT  BRITAIN  iOfi.922, 000,000 

6  SIBERIA  „  _  191,667.000,000 

7  RUSSIA...   66.255.000.000 

8  trance:  i9.jeaoob.ooo 


AMOUNT  OF  COAL  AVAILABLE  IN  THE 
UNITED  STATES 

Of  the  tremendous  stores  of  coal  in  the  United  States 
a  considerable  portion  lies  below  a  practical  mining  depth. 
Altho  in  some  instances  in  European  countries  coal  has 
been  mined  at  a  depth  of  6000  feet,  it  is  hardly  probable 
that  for  many  years  commercial  conditions  in  this  country 
will  warrant  the  removal  of  coal  at  a  greater  depth  than 
3000  feet  below  the  surface.  Fortunately  nearly  nine- 
tcnths  of  the  total  estimated  original  coal  reserves,  or 
about  3,550,000,000,000  tons,  lie  at  a  depth  not  exceeding 
this  3000-foot  limit. 

Altho  we  arc  becoming  accustomed  to  talking  in  bil- 
lions, it  is  hardly  possible  to  grasp  the  meaning  of  thirty- 
five  hundred  and  fifty  billion  tons  of  coal.  Perhaps  some 
conception  of  this  amount  may  be  had  from  the  statement 
that  if  all  the  unmined  coal  within  3000  feet  of  the  sur- 
face could  be  placed  in  one  great  cubical  pile  as  solid  as  it 
now  lies  in  the  ground  the  pile  would  be  eight  miles  long, 
eight  miles  wide,  and  eight  miles  high,  i.e.,  the  length,  the 
breadth,  and  the  height  of  this  great  cube  would  be  equal 
to  the  distance  from  City  Hall  to  Hunting  Park. 

Living  in  Pennsylvania  we  are  inclined  to  think  that 
the  greatest  coal  deposits  of  the  country  are  in  the  East 
and  largely  in  Pennsylvania.  An  examination  of  the 
government  reports  on  the  subjects  reveals  the  fact  that 
the  two  greatest  continuous  coal  areas  lie  in  Montana, 
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Wyoming,  and  the  Dakotas,  and  represent  nearly  three 
and  one-half  times  the  total  coal  reserves  of  the  entire 
Appalachian  region.  A  serious  situation  confronts  us, 
however,  when  we  realize  that  our  really  high-grade  coals 
— the  semi-bituminous  and  anthracite  of  the  eastern 
provinces — amount  to  less  than  one-seventh  (or  about  15 
per  cent.)  of  the  available  coal  reserves  of  the  country. 

Approximately  an  additional  15  per  cent,  may  be 
classed  as  coal  of  medium  grade,  but  the  bulk  of  our 
coal — 70  per  cent,  of  the  entire  supply — consists  of  low- 
grade  bituminous  coals  and  lignites. 

It  is  perhaps  well  to  correct  a  rather  general  impres- 
sion that  anthracite  is  the  highest  grade  fuel.  As  a  mat- 
ter of  fact,  our  semi-bituminous  coals  rank  first,  as  shown 
by  the  following  table  of  comparative  heating  values  per 
pound  of  combustible  material : 

B.t.u.  pa  lb.  (Ml  free) 

Semi-bituminoUS    15,420 

Anthracite  and  semi-anthracite    14,660 

Bitumintms    13,970 

Sub-bituminous  and  lignite    8,560 

The  exhaustion  of  these  5emi-bituminous  coals  would 
be  a  far  greater  calamity  than  the  exhaustion  of  the 
anthracite  supply,  as  they  are  much  better  adapted  for 
general  commercial  purposes  and  are  more  efficient  than 
anthracite,  the  latter  being  used  but  little  outside  of  the 
domestic  field. 
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WORLD'S  PRODUCTION  OP  COAL 

Naturally  figures  on  the  production  of  coal  in  Kurope 
are  not  available  for  the  past  two  or  three  years,  but  the 
relative  production  of  coal  by  the  different  countries  of 
the  world  in  normal  times  is  shown  by  the  following 
figures  for  1912: 

World's  Production  of  Coal  in  1912 

Countries 

S'h<x".  H>r* 

United  States  ........    534.500,000 

Great  Britain   300.000,000 

C.ermany   282,400,000 

Franc*   45.400.000 

Belgium    25,300.000 

Japan  (1911)    19.400,000 

Austria-Hungary    17.400,000 

India      15,700,000 

New  South  Wales    11,100,000 

Wohlo's  Production  or  Coal  in  19/2 


The  rate  of  increase  in  coal  production  by  the  three 
principal  coal  mining  countries  has  been  as  follows: 


it.  >«».»•« 


Of  the  world's  production  for  the  year  1912,  1,364,- 
000,000  tons  (82  per  cent.)  were  produced  by  the  United 
States.  Great  Britain,  and  Germany,  the  United  States 
producing  39  per  cent,  of  the  total,  or  nearly  as  much  as 
Great  Britain  and  Germany  together. 

The  extent  of  our  industrial  development  may  be  bet- 
ter appreciated  when  it  is  realized  that  all  but  about  four 
per  cent,  of  our  tremendous  coal  production  is  used  in  this 
country. 


•*  L —  tz_ 

~-p  —  H- 


tm 

Germany    37,500,000 

Great  Britain  .  123,700.000 
United  States  . 


98.400,000 
203.400.000 
157,800,000 


Ml  2 

282.400.000 
306.000.000 
534.500.000 


COAL-PRODUCING  STATES 

Altho  it  has  been  pointed  out  that  our  most  extensive 
fuel  areas  are  in  the  western  part  of  the  United  States, 
industrial  pursuits,  the  availability  of  oil,  the  convenience 
of  natural  gas,  and  other  underlying  causes  have  re- 
sulted in  extensive  coal  production  east  of  the  Mississippi 
River  and  comparatively  little  production  thruout  two- 
thirds  of  the  total  area  of  the  United  States,  as  shown 
by  the  following  tabic  of  production  and  use  of  coal  by 
the  different  states: 

Production  and  Use  of  Coal  bv  States 
(1915) 

Anthracite: 


iSbwttOM) 

Pennsylvania    89.000.000 

New  York  

New  England  ...   

New  Jersey    ....... 

Illinois  

Wisconsin   

Minnesota   

Maryland    and  District 

of  Columbia  

Remaining  30  states   

Bituminous: 

Pennsylvania    158,000,000 

West  Virginia    77,200,000 

Illinois    58,800,000 

Ohio    22,400,000 

Kentucky    21,400,000 

Indiana   17,000,000 

Alabama   14.900.000 

Colorado    8.600.000 

Virginia    8.100,000 

Iowa    7.600,000 

Kansas      6.800,000 

Wyoming   6,500,000 

Tennessee    5,700,000 

New  Kngtand   

Michigan    1 ,200.01)0 

Missouri    3.800,000 

Wisconsin   

All  other  states    24.cOO.tKW 


(Sh«t  too,: 
23.300,000 
20,800,000 
13.800.000 
8.400.000 
3,300,000 
1,700.000 
1,700.000 

1.500,000 
4.400.000 


65.5 
6,200,000 

40.000.000 

22.400,000 
5.200,000 

16,100,000 
7300,000 
5,100.000 
4,300.000 
6.900,000 
3,200.000 
600,000 
3,600.000 


10,300,000 
7.700.000 
7.700,000 

57.100.000 


Of  the  individual  states,  with  the  exception  of  West 
Virginia,  those  producing  coal  are  the  largest  users,  33 
per  cent,  of  the  1915  output  of  bituminous  coal  being  used 
within  the  states  producing  it. 

USES  OP  COAL  IN  THE  UNITED  STATES 

In  the  main,  anthracite  is  used  for  domestic  pur- 
poses and  bituminous  for  industrial  purposes. 

The  largest  users  of  coal  are  the  industrial  steam  trade, 
requiring  over  30  per  cent,  of  the  mine  output ;  the  rail- 
roads, requiring  about  24  per  cent. ;  domestic  and  small 
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steam  trade — heating  dwellings,  apartment  houses,  hotels, 
office  buildings,  and  heating  and  steam  raising  in  small 
power  plants — requiring  23  per  cent.  It  is  thus  seen  that 
even  in  normal  times  (1915)  these  three  demands  call  for 
412,000,000  tons,  or  77  per  cent,  of  all  the  coal  mined 
in  the  United  States. 


I'scs  of  Coal  in  Ihe  United  Stairs 
(1915) 


Vm 

Bitunrtin 

□us 

Anthracite 

Short  tons 

Per  cent. 

Short  tons  Per 

cent 

Industrial  steam  trade 

14.1,800.000 

33.0 

18.800,000 

21.1 

122,000,000 

28.0 

6,200,000 

7.0 

Domestic     and  small 

steam  trade  ........ 

71,300,000 

16.0 

50,000,000 

56.2 

Manufacture  of  coke  .  . 

61.800.000 

14.0 

18.800.000 

4.2 

4,000.000 

4.5 

Steamship  bunker  fuel 

10700,000 

2.4 

Used    at    mine*  for 

9,800.000 

2.2 

10.000,000 

11.2 

Manufacture  of  coal  gas 

4,600,000 

1.0 

Miscellaneous  uses  

700.000 

0.2 

It  is  interesting  to  note  that  the  railroads  used  122,- 
000,000  tons  of  bituminous  coal  and  6,200,000  tons  of 
anthracite,  and  that  the  great  industrial  state  of  Penn- 
sylvania used  65.541,000  tons  of  bituminous  coal  and 


23,203,000  tons  of  anthracite.  In  other  words,  the  rail- 
roads of  the  country  used  nearly  twice  as  much  bituminous 
coal  as  the  entire  state  of  Pennsylvania,  but  only  a  little 
over  one-third  as  much  anthracite  as  Pennsylvania.  The 
total  coal  consumption,  anthracite  and  bituminous  com- 
bined, of  the  railroads  is  equal  to  nearly  one  and  one-half 
times  the  total  coal  consumption  of  the  state. 

EXPORTS  AND  IMPORTS 

Contrary  to  popular  belief,  the  amount  of  coal  ex- 
ported is  very  small.  In  1915  our  coal  exports  amounted 
to  only  22,700,000  short  tons,  which  was  13  per  cent, 
more  than  for  1914,  but  8  per  cent,  less  than  for  1913. 
During  these  years  Canada  took  from  one- half  to  three- 
fourths  of  the  exported  coal.  The  total  exports  amount 
to  only  about  4  per  cent,  of  the  total  coal  production. 

As  pointed  out  by  the  United  States  Geological  Sur- 
vey :  "  The  noteworthy  features  of  the  export  trade  in 
1915  were  the  increasing  demand  thruout  the  year  from 
Europe  and  South  America,  and  in  the  latter  part  of  the 
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year  the  scarcity  of  vessels  in  which  to  ship  coal  to  these 
countries.  If  the  supply  of  vessels  had  been  adequate, 
the  exports  undoubtedly  would  have  been  much  greater." 

Our  importations  of  coal  are  small,  amounting  to 
about  one-third  of  one  per  cent,  of  the  total  production. 
Practically  all  importations  are  to  the  New  England 
states,  the  northwestern  states,  and  California,  due  largely 
to  the  accessibility  of  Canadian  coal  and  local  transporta- 
tion facilities. 

HOW  LONG  WILL  THIS  WONDERFUL  COAL 
SUPPLY  LAST? 

The  use  of  coal  as  the  chief  source  of  fuel  is  com- 
paratively new.  With  the  possible  exception  of  a  few 
European  countries,  the  forests  were  depended  upon  for 
fuel  until  within  fifty  or  seventy-five  years.  Altho  the 
draft  upon  our  coal  supply  has  just  begun,  it  is  time  for 
us  to  realize  that  on  account  of  the  abundant  supply  and 
wide  distribution  of  our  fuel  resources,  on  account  of 
our  relative  freedom  from  large  areas  of  congested  popu- 
lation, and  on  account  of  our  careless  indifference  to 
efficient  utilization,  we  have  neglected  far  too  long  the 
serious  consideration  of  problems  upon  which  hinge 
many  of  the  possible  activities  of  future  generations. 

The  unrestricted  use  of  our  better  grade  fuels  and 
the  ruthless  waste  and  neglect  of  fuels  that  should  be 
of  real  commercial  value  are  phases  of  our  national  ex- 
travagance that  arc  little  short  of  appalling. 

In  attempting  to  estimate  the  probable  life  of  our  coal 
supply  it  is  necessary  to  determine  (o)  the  draft  we  have 
already  made  upon  the  original  supply  and  (b)  the  rate 
at  which  this  draft  is  being  made. 

In  a  little  over  one  hundred  years  we  have  taken  from 
the  mines  to  the  close  of  1917  something  over  12,000,- 
000,000  tons.  If  we  assume  the  usual  loss  of  one-half 
ton  for  every  ton  mined,  the  total  exhaustion  has  amounted 
to  18,000,000,000  tons,  which  is  one-half  of  one  per  cent, 
of  the  original  available  supply  lying  at  depths  not  ex- 
ceeding 3000  feet.  Packed  as  densely  as  it  lies  in  the 
ground,  and  remembering  that  the  original  supply  in  the 
storehouse  would  make  a  pile  whose  length,  breadth,  and 
height  would  be  eight  miles,  the  portion  drawn  away  or 
exhausted  to  date  would  be  represented  by  a  slice  eight 
miles  long  and  eight  miles  wide  and  only  0.04  mile  (210 
feet)  high. 

If  the  consumption  for  the  past  one  hundred  years 
could  be  taken  as  a  basis,  we  might  reasonably  expect  our 
coal  supply  to  last  some  20,000  years,  but  we  must  re- 
member that  we  only  began  to  use  coal  a  little  over  one 
hundred  years  ago  and  it  takes  the  total  production  of 
the  first  sixty-eight  years  (from  1807  to  1875)  to  equal 
the  production  of  the  single  year  1917.  If  for  all  future 
time  we  were  to  mine  coal  at  an  annual  rate  just  equal  to 
that  of  1917  (about  640,000,000  tons),  with  an  allowance 
for  unprcvcntable  waste,  then  the  coal  supply  should  last 
4000  years,  but  it  is  well  known  that  in  1917  the  demand 
was  greater  than  the  supply,  and  there  is  ample  evidence 
to  show  that  for  years  to  come  the  demand  will  be  an 
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TOTAL  AVAILABLE  COAL  IN  THE  UNITED  STATES 
AND  EXHAUSTION  TO  CLOSE  OF  1317. 


A  .  TOTAL  COAL  - 

B.  "TOTAL  EXHAUSTION. 


short  *ons 

3, «  0,000.000.000 
18,000.000.000 


PR00UCT10N  1917  ONLY.  6i0.000.000 
.  >807_  1875  (68>C»RS).  630,000,000 

,  IB73.I9I7  (43rEARS)„l|3j0.00O,O0O 

I«07_i9r7  (IMtCARB)-ll,000,000.000 

t«MA U6T1ON    1807.  l9)7  (1 1 1  TEARS).  18.000,000,000. 

ever-increasing  one.  An  examination  of  our  average 
annual  coal  production  by  decades  since  1807  shows  with 
what  rapidity  the  rate  of  consumption  is  growing. 

Average  Annual  Production  of  Coal  by  Decades  from  1807  lo  the 
Close  of  1917  (111  Years) 


1807  1817 
18181827 
1828  1837 
1838  1847 
18481857 
1858-1867 


Shin  t  ?nti» 
1.000 
65.000 
608.000 
3.100,000 
10,000.000 
20.700,000 


1868-1877    47,300,000 

1878-1887    97,800,000 

1888  1897    173.000,000 

1898-1907    333.000.000 

1908-1917    525.000,000 

Campbell*  points  out  that  if  the  acceleration  shown 
by  the  figures  for  coal  consumption  by  decades  be  con- 
tinued until  the  coal  is  completely  exhausted,  the  supply 
will  probably  not  last  one  hundred  years.  He  says,  how- 
ever: "The  true  life  of  our  coal  fields  probably  lies  be- 
tween these  two  extremes,  and  the  probability  is  that  it 
will  be  nearer  100  than  4000  years." 

Of  equal  significance  is  the  increase  in  our  per  capita 
consumption  of  coal,  shown  by  the  following  tabic : 


Y*»r 
1870 
1880 
1890 
1900 
1915 


Short  tons  Percentage  Increase 

0.96 

1.4  45.8 
2.3  64.1 
3.2  39.1 

5.5  71.9 


♦"The  Coal  Fields  of  the  United  States,"  United  States 
Geological  Survey  Professional  Paper  100-A. 


Far  more  serious  than  the  general  drain  upon  all  of 
the  fuel  resources  of  the  country  is  the  extravagant  use  of 
our  highest  grade  material.    The  very  best  coal  in  the 
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storehouse — the  semi-bituminous  of  the  eastern  Appa- 
lachian field — amounts  to  a  very  small  percentage  of  the 
coal  resources,  and  it  is  this  high-grade  steaming  coal 
that  we  arc  using  with  extravagant  recklessness  and  with- 
out thought  of  the  future.    As  E.  W.  Parker  recently 
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said  in  an  address  at  The  Franklin  Institute:  "  We  are 
rapidly  consuming  the  cream  and  leaving  the  skimmed 
milk." 

Before  discussing  the  apparent  coal  shortage  and 
serious  fuel  inconveniences  of  1917,  let  us  see  what  other 
natural  fuel  resources  we  possess. 

PEAT 

In  the  swamps  and  bogs  of  the  Northeastern  states,  of 
the  states  near  the  Great  I.akes,  and  along  the  south  At- 
lantic coast  are  large  deposits  of  partially  decomposed 
vegetable  matter  or  peat.  Commercially  dry  peat  has  a 
fuel  value  per  pound  equal  to  only  about  one-half  the 
value  of  the  higher  grade  coals,  but  nearly,  if  not  quite, 
equal  to  the  lower  grade  coals,  or  lignites.  From  the 
standpoint  of  by-products,  peat,  perhaps,  offers  a  more 
enticing  field  than  the  majority  of  coals. 

Peat  has  been  used  for  centuries  in  Europe  as  a  do- 
mestic fuel,  but  not  until  within  the  past  decade  has  it 
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reached  any  importance  as  a  fuel  for  power  plants  in 
competition  with  coal  and  lignite.  Altho  considerable 
peat  is  now  mined  in  the  British  Isles,  the  greatest  de- 
velopments in  the  use  of  this  fuel  have  been  in  Germany, 
Norway,  Sweden,  and  Russia,  the  amount  mined  in  Rus- 
sia alone  amounting  to  several  million  tons  annually. 

The  estimated  deposits  of  the  United  States  amount 
to  about  13,000,000,000  tons  of  air-dried  peat.  Altho  this 
amount  seems  small  when  compared  with  our  coal  and 
lignite  deposits — amounting  to  only  one-half  of  one  per 
cent,  of  these  deposits — yet  the  available  amount  is  equal 
to  the  total  tonnage  of  coal  mined  in  this  country  in  the 
past  one  hundred  years.  It  should  be  noted  that  peat  is 
found  largely  in  states  possessing  no  coal,  which  may 
prove  an  important  factor  in  the  ultimate  solution  of 
power  distribution.  Inasmuch  as  peat  can  be  of  no  imme- 
diate service  in  our  present  fuel  troubles,  the  discussion 
of  this  resource  will  be  dismissed  with  the  statement  that 
within  a  comparatively  few  years  peat  will  be  highly 
valued  in  this  country,  not  only  as  a  fuel,  but  for  other 
commercial  purposes  for  which  it  seems  admirably  adapted 
and  for  which  it  is  now  being  used  in  several  European 
countries. 

PETROLEUM  AND  NATURAL  GAS 

We  are  all  so  familiar  with  the  demands  for  and  the 
use  of  coal  and  see  such  extensive  shipments  moving  in 
all  directions  as  we  travel  that  few  of  us  appreciate  the 
enormous  value  of  two  other  fuel  resources  with  which 
this  country  has  been  richly  endowed — j>etroleum  and 
natural  gas. 

An  appreciation  of  the  value  of  these  products  may 
be  had  from  the  following  table  of  the  value  of  the  min- 
eral products  of  the  Unitcl  States  in  1913 : 

Coal   $760,000,000 

Iron   4^8,000,000 

Petroleum   237,000.0110 

Copper    190.000.000 

Clay  products    181,000,000 

Cement   93.000,000 

Gold    89.000.000 

Natural  «as    88,000,000 

Stone   84.000,000 

Silver    40,000,000 

Lead   38.000.000 

Zinc    38.000.000 

All  others    149,000,000 

Third  in  the  list  stands  petroleum,  being  surpassed 
only  by  coal  and  iron;  and  the  annual  value  of  natural 
gas  is  practically  equal  to  that  of  gold. 

These  three  products — coal,  petroleum,  and  natural 
gas — make  up  nearly  one-half  the  total  value  of  all  our 
mineral  products. 

Of  course,  petroleum  has  other  important  uses  outside 
of  its  demand  in  the  field  of  fuels. 

The  position  of  the  United  States  in  relation  to  the 
world's  production  of  petroleum  is  even  more  marked 
than  its  relation  to  the  world's  production  of  coal,  nearly 


two-thirds  of  the  total  annual  production  of  petroleum 
coming  from  this  country. 

World's  Production  of  Pelroltum* 


Countrv 

Production 

in  1916 

Total  production  from 

lit;  to  19 It,  inclusive 

Ilirrcls  of  4:  Evrrccrr.a£e 

Barrels  oi  42  Percentage 

gallons 

of  total 

K*llutl( 

of  tola! 

L'nited  States  . . . 

„  300,767,158 

65_29 

3,917,328,402 

60.46 

i,  72,801,110 

15.81 

1,763,583.017 

2722 

39,817,402 

8.64 

163,087,779 

2.52 

Dulch  East  Indies 

13  174  399 

2.86 

162  174  312 

2.50 

t,  10.298,208 

2.24 

140,310.595 

216 

1  nrl  ia 

a  8,228,571 

1.79 

89,820,956 

1.39 

6.461.706 

1.40 

142,494.206 

2.20 

Japan  and  For- 

2,997,178 

.65 

33,166,800 

.51 

2.550.645 

.55 

19,344,868 

.30 

Trinidad  

d  1,000,000 

22 

3,819,430 

.06 

995.764 

22 

14,957,097 

.23 

Argentina   

870,000 

.19 

1,903,121 

.03 

411,000 

.09 

1.759.936 

.03 

198,123 

.04 

23,907.197 

.37 

Italy  

43,143 

397,000 

I  " 

I  0.2 

Other  coumrie*  . 

d  25,000 

889,513 

460,639,407 

100.00 

6,478,944,229 

100.00 

h  Estimated  in  part. 
i  Estimated. 

A  comparison  of  the  production  and  value  of  the 
petroleum  marketed  in  the  United  States  in  1915  and 
1916  shows : 

1»15  1916  Percent 

increase 

Quantity  (barrels  oi  42  gallons)..  281.104.104   300,767,158  7.0 

Average  price  per  barrel    $0-638         Sl-H»  72S 

Total  value   $179,462,890  $330,899,868  84.5 

From  the  beginning  of  the  petroleum  industry  in  the 
United  States  to  the  close  of  1917  this  country  produced 
approximately  4,250,000,000  barrels,  or  about  60  per  cent, 
of  the  entire  production  of  the  world  for  this  period. 

FUTURE  SUPPLY  OF  PETROLEUM 

According  to  most  careful  estimates  of  the  United 
States  Geological  Survey,  the  probable  total  original  pe- 

*  Untied  States  Geological  Survey. 
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troleum  resources  of  the  country  amounted  to  over  11,- 
000,000,000  barrels,  of  which  the  exhaustion  to  the  close 
of  1915  amounted  to  over  3,600,000,000  barrels,  leaving 
for  possible  future  production  about  68  per  cent,  of  the 
original  supply,  or  some  7,600,000,000  barrels. 

If  we  assume  a  lake  100  feet  deep  and  one  mile  wide, 
the  length  of  the  lake  corresponding  to  the  estimated  total 
original  petroleum  resources  would  be  over  22  miles.  The 
exhaustion  means  that  we  have  cut  off  more  than  7  miles 
from  the  length  of  the  lake  and  have  left  the  equivalent  of 
a  lake  15  miles  long,  1  mile  wide,  and  100  feet  deep. 

The  |jelrolctim  fields  of  the  L'nited  States  arc  known 
as  the  Appalachian,  the  Lima- Indiana,  the  Illinois,  the 
Kansas-Oklahoma,  the  North  Texas,  the  Northwest 
Louisiana,  the  Gulf  Coast,  the  Colorado,  the  Wyoming- 
Montana,  and  the  California  fields. 

Altho  the  draft  ii|>on  some  fields  has  been  but  a  small 
percentage  of  the  available  resources,  notably  only  2  per 
cent,  exhaustion  for  the  W  yoming-Montana  field  and  8 
per  cent,  for  the  North  Texas  field,  and  altho  the  exhaus- 
tion for  all  fields  combined  amounts  to  32  per  cent.,  the 
proportion  left  in  some  fields  is  very  small,  the  exhaustion 
of  the  Appalachian  field  having  been  70  per  cent,  and  of 
the  Lima-Indiana  field  93  per  cent. 

As  in  the  case  of  the  coal  resources,  the  alarming  point 
is  the  rapidly  increasing  rate  of  exhaustion,  as  shown  by 
the  following  table : 

Average  Annual  Production  of  Crude  Petroleum  in  the  United 
States,  by  Decades 
r>««<Je  Harrda  (42  s*11umi 

1859-1*67     2.200,000 

1868  1877    7.700.000 

1878  1887    24.500.000 

W*»  1897                                     . .  48.600.000 

W«  1907   97.900.000 

l«*  ™7  •   246.700.000 


On  the  basis  of  a  future  constant  consumption  equal 
annually  to  the  estimated  1917  consumption  of  344,177,- 
000  barrels,  the  estimated  available  reserves  of  7,629,- 
000,000  barrels  would  last  only  about  twenty-two  years, 
and  with  an  increasing  consumption  rate  per  decade  equal 
to  from  two  to  two  and  a  half  times  the  consumption  for 

•  Estimated  for  1917  on  basis  of  figures  for  first  seven 
months  of  the  year. 

182  APRIL,     NINETEEN  HUI 


the  preceding  decade  the  depletion  of  our  petroleum  sup- 
ply seems  near  at  hand. 

However,  just  as  wc  become  alarmed  at  the  rapid  ex- 
haustion of  our  petroleum  resources,  information  appears 
which  indicates  that  there  are  wonderful  mountains  of 
oil-laden  shales  in  the  western  states  and  similar  shales 
in  the  east-central  states,  from  which  some  40  or  50  gal- 
lons of  oil  can  be  extracted  per  ton  of  shale.  Similar 
processes  have  been  carried  on  in  Scotland  for  the  past 
seventy  years.  The  Colorado  shales  alone  arc  estimated 
to  contain  some  20,000,000,000  to  30,000,000,000  barrels 
of  oil,  and  for  the  Indiana  shales  estimates  as  high  as 
100,000,000,000  barrels  of  oil  are  reported.  These  figures 
indicate  that  our  shale  oil  resources  are  enormously 
greater  than  our  original  petroleum  resources. 

USES  OF  PETROLEUM 

There  are  two  general  uses  of  petroleum— for  refining 
purposes  and  for  fuel. 

In  1915,  227,540.000  barrels,  or  82.5  per  cent,  of  all 
the  petroleum  marketed  from  the  United  States  fields, 
went  to  the  refineries  and  48,860,000  barrels,  or  17.5  per 
cent,  of  the  total,  were  used  for  fuel. 

In  addition,  some  16.000,000  barrels  of  crude  oil  were 
imported  from  Mexico,  largely  for  fuel  purposes. 

In  New  England  (>etrolcum  is  gaining  ground  as  a  fuel 
for  many  industries  and  even  for  domestic  heating.  Its 
use  in  the  industries  in  other  sections  of  the  country  is 
well  established. 

The  railroads  are  the  largest  consumers  for  fuel  pur- 
poses, having  consumed  36,648,000  barrels  in  1915. 

Its  use  as  fuel  in  the  navy  amounted  to  1,120,000  bar- 
rels for  the  fiscal  year  ending  June  30,  1916,  and  the 
l'nited  States  Geological  Survey  estimated  the  require- 
ments of  the  navy  for  the  fiscal  year  1916-17  as  at  least 
1,300,000  barrels. 

GASOLINE 

Altho  gasoline  is  not  one  of  our  natural  fuel  resources, 
its  importance  as  a  fuel  warrants  a  brief  consideration  of 
its  value.  The  Census  Bureau  Press  Bulletin,  February 
10,  1916.  shows  the  total  quantity  of  gasoline  produced 
in  the  United  States  in  1914  to  have  been  approximately 
1.236,000,000  gallons,  and  for  1915  the  United  States 
Geological  Survey  states  the  quantity  to  have  been  1,977,- 
900,000,  an  increase  of  60  per  cent.  Of  this  total  gaso- 
line production  in  1915,  approximately  96.5  per  cent,  was 
derived  from  crude  petroleum,  the  remaining  3.5  per  cent, 
coming  from  natural  gas,  but  the  quantity  derived  from  * 
natural  gas  is  increasing  very  rapidly,  having  jumped  from 
about  7.000,000  gallons  in  1911  to  65,000,000  gallons 
in  1915. 

NATURAL  GAS 

Natural  gas,  an  ideal  fuel,  is  found  in  twenty-three 
states  from  New  York  to  California  and  from  Michigan 
to  I.ouisiana.  In  spite  of  extravagant  waste  of  hundreds 
of  billions  of  cubic  feet  and  the  tremendous  demands 
upon  the  original  supply,  resulting  practically  in  the  de- 
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pletion  of  the  supply  in  Pennsylvania,  Ohio,  Indiana,  and 
some  other  localities,  the  production  in  1915  amounted 
to  628,579,000,000  cubic  feet.  As  stated  by  the  United 
States  Geological  Survey*  "  the  magnitude  of  this  out- 
put .  can  perhaps  be  comprehended  more  readily 
by  a  realization  of  the  fact  that  a  single  gas  holder  large 
enough  to  contain  it  would  be  one  mile  in  diameter  and 
5.4  miles  high." 

Unfortunately  no  definite  information  is  available  re- 
garding the  production  of  natural  gas  prior  to  1906,  as 
meters  were  not  in  general  use  before  that  date,  the  gas 
being  sold  at  a  flat  rate  per  day  or  per  month. 

The  approximate  consumption  from  1906  to  1915  is: 

Yt«r  Cubic  feet 

1906    389,000,000.000 

1907    410,000,000.000 

1908    405,000,000.000 

1909    485,000,000.000 

1910    510,000.000.000 

1911    515,000.000.000 

1912    Sh5.000.000.000 

1913    583.000,000.000 

iou    5y->,000,000.000 

1915    h29,Ut  10,000.000 
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The  value  ot  the  1882  production,  the  tir^t  for  which 
anv  estimate  is  available,  was  S215.000,  and  that  for 
1915,  $101,300,000,  or  470  times  that  of  only  33  years  ago. 

Of  the  1915  production.  34.5  per  cent,  was  consumed 
for  domestic  purposes  by  over  2,000,000  customers  and 
65.5  per  cent,  for  industrial  purposes  by  18,000  cus- 
tomers. 

FUTURE  SUPPLY  OF  NATURAL  GAS 

Any  estimate  of  the  possible  future  supply  of  natural 
gas  is  perhaps  more  of  a  guess  than  a  definite  calculation. 

Wyer  states  that  the  average  life  of  wells  in  Ohio  is 
less  than  five  years. 

As  several  of  the  old  wells  are  already  exhausted,  and 
as  others  are  showing  signs  of  exhaustion,  the  conclusion 
is  that  the  supply  cannot  be  counted  upon  for  long,  even 

Mineral  Resources  of  the  United  States."  1915.  Part  II. 
p.  928.  United  States  Geological  Survey. 


tho  new  wells  are  located  from  time  to  time.  According 
to  some  estimates,  less  than  two  decades  will  see  the  end 
of  the  natural  gas  supply. 

WOOD 

Our  natural  forests  once  covered  one  billion  acres  of 
ground,  and  in  the  short  life  of  this  country  we  have, 
thru  indifference,  greed,  and  ignorance,  used  or  destroyed 
one-half  of  this  magnificent  original  heritage. 

The  annual  value  of  forest  products  is  in  the  neigh- 
borhood of  one  and  a  half  billion  dollars,  of  which  about 
one-fifth,  or  about  $300,000,000,  is  for  firewood. 

The  extent  to  which  we  use  wood  in  this  country  is 
perhaps  best  shown  by  the  fact  that  our  per  capita  con- 
sumption is  seven  times  that  of  Germany  and  ten  times 
tliat  of  France.  For  years  we  have  been  cutting  timber  at 
a  rate  more  than  three  times  the  rate  of  production. 

1917  CONDITIONS 

As  we  have  had  some  inconvenience — in  some  cases 
real  hardship—during  the  past  weeks  because  our  imme- 
diate demands  for  fuel  could  not  be  met,  many  rumors 
regarding  the  failure  of  our  fuel  resources  have  been  cur- 
rent and  many  statements  have  been  made  regarding  the 
failure  of  the  mines  to  produce  the  needed  coal  supply. 

Let  us  see  just  what  the  situation  was  at  the  beginning 
of  1917,  or  just  prior  to  our  entering  the  war. 

The  following  points  demand  consideration: 

1.  As  shown  by  the  figures  presented,  we  entered  the 
year  1917  with 

(a)  enough  coal  to  last  at  least  a  few  hundred  years ; 

(b)  two-thirds  of  the  original  supply  of  petroleum; 

(c)  enough  natural  gas  to  meet  the  normal  demand 
for  from  ten  to  twenty  years,  altho  failure  of 
wells  in  certain  districts — such  as  Ohio — has 
been  most  inopportune ; 

(d)  one-half  of  all  the  wood  of  the  original  forests. 
Our  present  fuel  problem  is,  therefore,  not  one  of  lack 

of  supply  at  the  source,  but  one  of  production,  transporta- 
tion, and  distribution. 

For  obvious  reasons  we  in  Philadelphia  arc  not  just 
now  seriously  concerned  with  the  petroleum,  natural  gas, 
and  wood  problems,  but  the  coal  situation  comes  home 
to  all  and  calls  for  our  special  consideration.  The  .pinch 
has  been  so  definitely  felt  that  it  hardly  seems  possible 
that  only  a  little  over  a  year  ago  the  production  was 
greater  than  the  demand. 

What  has  brought  about  this  sudden  change  in  con- 
ditions? 

1.  Interruption  of  normal  ocean  transportation.  The 
failure  of  ocean  transportation  threw  back  on  the  termi- 
nals vast  quantities  of  freight,  which  in  turn  tied  up  cars 
and  blocked  the  freight  yards.  Without  ample  cars  for 
delivering  new  coal,  the  reserve  supplies  were  soon  ex- 
hausted and  could  not  be  replenished  with  any  degree  of 
regularity. 

2.  Impossibility  of  storing  bituminous  coal  at  the 
mines.  Pecausc  of  its  composition,  bituminous  coal  cannot 
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be  stored  in  any  large  quantities,  due  to  the  danger  of 
spontaneous  combustion,  but  must  be  hauled  from  the 
mines  as  produced.  With  transportation  cut  off,  produc- 
tion must  cease.  This  is  not  true  with  anthracite,  and  in 
1916  the  anthracite  mines  had  millions  of  tons  in  storage, 
but  the  severe  winter  of  1916-17  seriously  reduced  this 
surplus.  The  spring  of  1917  found  us  then  with  no 
reserve  coal  supply  and  with  transportation  seriously 
handicapped.  Then  came  our  entrance  into  the  war. 

3.  Increased  industrial  demands.  Altho  our  fuel  de- 
mands had  been  heavy  prior  to  entering  the  war,  the  needs 
of  the  Government,  of  factories,  and  of  munition  plants 
became  much  more  acute,  many  eight-hour  plants  jump- 
ing to  twenty-four-hour  service,  and  all  at  a  time  when 
car  shortage  and  crowded  terminals  made  delivery  of 
coal  from  the  mines  impossible. 

A  popular  notion  prevails  that  the  production  of  coal 
for  1917  was  below  normal,  and  that  our  inconvenience 
and  suffering  have  been  due  to  a  failure  on  the  part  of 
the  mine  operators  and  miners  to  produce  a  reasonable 
amount  of  coal.  An  examination  of  the  United  States 
Geological  Survey  reports  covering  the  comparative  total 
production  of  bituminous  coal  in  1916  and  1917  reveals 
the  following  fact : 


Total  production  of  bituminous  coal, 
January    I    to   October   31  (10 


Short  torn  l»e»  cenl" 

1»I7  In 


months) 


.413,492,984   454,326,C59  10.0 


This  is  an  increase  of  40,833,075  tons  over  the  pro- 
duction in  the  corresponding  months  of  1916. 
Similarly : 


Total    production    of  anthracite, 
January  1  to  September  30,  (9 
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It  should  be  noted  that  the  year  1916  was  a  banner 
year  for  coal  production  in  the  United  States,  the  bitumi- 
nous coal  output  aggregating  502,500,000  tons.  The 
bituminous  production  for  1917*  has  exceeded  this 
amount  by  approximately  48,000,000  tons,  or  9.5  per 
cent.   Adding  to  this  an  estimated  anthracite  production 

•  Estimated  from  eleven  months'  production  (January  1 
to  November  30)  of  502,100.00  tons. 


of  90,000,000  tons  for  the  year  makes  the  total  for  1917 
in  the  neighborhood  of  640,000,000,1  as  compared  with 
a  total  of  590,000,000  for  1916. 

In  spite  of  this  increased  output  for  1917,  a  reported 
shortage  of  at  least  50,000,000  tons  has  frequently  been 
published.  This  shortage  is  charged  to  the  unusual  de- 
mands resulting  from  increased  industrial  activity  due 
to  the  entrance  of  the  United  States  into  the  war. 

But  why,  with  such  wonderful  fuel  resources,  should 
there  be  a  shortage  ?  It  is  apparent  that  there  is  plenty  of 
available  fuel  in  the  ground.  It  is  also  apparent  that,  if 
the  mines  be  worked  to  full-time  capacity,  the  total  pro- 
duction could  easily  be  made  800,000,000  tons  per  year 
instead  of  640,000,000  tons. 

Why  have  we  not  had  the  full-time  output  of  the 
mines?  A  brief  examination  of  the  weekly  reports  on 
the  production  of  bituminous  coal  compiled  by  the  United 
States  Geological  Survey  reveals  at  a  glance  the  follow- 
ing facts: 
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49,928.000    57,778.000  15.7 


This  table  shows  clearly  an  increased  loss  of  time 
due  to  car  shortage  since  October  20  and  a  marked  de- 
crease in  loss  of  time  due  to  labor  shortage  and  strikes 
since  the  same  date,  and  on  December  8  C.  E.  Laesher, 
of  the  United  States  Geological  Survey,  writes:  "  It  will 
be  noted  that  losses  due  to  lack  of  cars  have  been  in- 
creasingly severe  in  the  past  month,  rising  from  11.5  per 
cent,  in  the  week  of  October  20  to  14.8  per  cent,  for 
October  27,  15.3  per  cent,  for  November  10,  19.4  per 
cent,  for  November  17,  20.2  per  cent,  for  the  week  end- 
ing November  24.    Inadequate  transportation  facilities 
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between  640.000,000  and  650,000.000 
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IS    OUR    FUEL     SUPPLY     HEARING  EXHAUSTION? 


thus  remain  overwhelmingly  the  dominant  factor  limiting 
the  output  of  soft  coal." 

Again,  on  December  22,  he  says:  "  A  study  of  these 
bulletins  will  reveal  that  the  dominant  factor  limiting 
production  is  lack  of  transportation.  So  long  as  the  soft 
coal  mines  of  the  country  are  idle  from  one-seventh  to 
one-fifth  of  the  time  because  there  are  no  cars  at  the 
tipple,  more  laborers  could  add  but  little  to  the  output 
It  should,  however,  be  remembered  that  the  railroads 
are  already  carrying  more  coal  than  ever  before  in  the 
history  of  the  country.  With  one  exception,  the  pro- 
duction of  bituminous  coal  during  the  month  of  Novem- 
ber was  the  largest  in  any  one  month  in  the  history  of 
bituminous  coal  mining  in  America." 

What  is  to  be  done?  The  coal  is  in  the  ground.  It 
must  be  mined,  it  must  be  transported,  it  must  be  dis- 
tributed.   The  necessary  and  natural  steps  seem  to  be: 

1.  Government  regulation  of  the  transportation  facili- 
ties. (At  this  writing,  December  27,  1917,  the  papers 
announce  the  welcome  news  "Government  to  Run 
Railroads.") 

2.  Government  regulation  of  the  distributing  agencies. 

3.  Government  regulation  of  the  coal  mines  and  the 
labor  necessary  to  insure  production. 

4.  Unless  the  cooperation  of  all  who  operate  plants — 
from  the  small  household  heater  to  the  great  central  sta- 
tion— and  of  all  who  use  heat,  light,  or  power  from  cen- 
tral sources  is  secured  for  a  more  economical  and  more 
efficient  use  of  fuel  to  bring  the  demand  well  within  the 
reasonable  productive  possibilities  of  the  mines  and  the 
transportation  possibilities  of  the  railroad  and  boat  lines, 
then  must  follow  a  division  of  all  demands  into  two  classes, 
essential  and  non-essential — essential  to  the  winning  of 
the  war  and  the  vital  welfare  of  the  nation — with  a  posi- 
tive restriction  of  supply  to  the  non-essential  group,  even 
to  the  point  of  prohibition,  if  necessary  to  the  one  pur- 
pose now  before  us. 

To  avoid  the  drastic  action  set  forth  in  item  4  calls 
for  active  service  on  the  part  of  all  of  us  in  one  or  more 
of  the  following  fields:  We  should,  without  further 
delay 

(a)  See  that  all  equipment  used  for  developing  heat, 
light,  or  power  is  in  good  condition— stop  the  leaks;  re- 
pair the  insulation. 

(&)  Use  approved  efficient  methods  of  firing  and 
operating— the  majority  of  small  plants  arc  wofully 
inefficient. 

(r)  Use  steam  economically — eliminate  the  waste. 

(d)  Use  electricity  economically— eliminate  all  ex- 
travagance. 

(e)  Use  gas  economically — burn  it  only  when  needed. 
(/)  Use  power  generated  by  economical  methods — 

shut  down  inefficient  plants  if  power  is  available  from 
more  efficient  and  more  economically  operated  plants. 

(g)  Confine  the  use  of  heat,  light,  and  power  to  the 
dictates  of  reasonable  comfort  and  real  needs — eliminate 
luxuries,  extravagant  displays,  and  unnecessary  service. 


AFTER  THE  WAR — WHAT? 

So  bountiful  has  been  our  supply  of  fuel  that  we  have 
in  the  past  given  little  heed  to  the  possibilities  of  the 
future,  and  our  reckless  waste  and  extravagance  have 
been  appalling.  But  now,  at  the  first  signs  of  the  pinch 
of  war,  we  are  beginning  to  think— we  have  in  a  few 
months  had  a  lesson  in  conservation  which  is  a  blessing 
in  disguise.  Let  us  see  what  our  careless  indifference  has 
amounted  to  in  the  devastation  of  our  fuel  resources. 

COAL 

Defective  mining  methods  have  resulted  in  a  loss  vary- 
ing from  50  to  150  per  cent,  of  the  coal  production.  Our 
general  procedure  has  resulted  in  the  flooding  and  caving 
in  of  mines  from  which  only  the  better  grades  of  coal 
have  been  taken,  and  the  breaking  up  of  the  seams,  thus 
making  the  removal  of  the  coal  by  future  generations  not 
only  expensive  but  so  dangerous  as  to  be  prohibitive. 
Frequently  40  or  more  per  cent,  of  the  coal  in  a  given 
mine  could  never  reach  the  market.  Even  if  only  one- 
half  ton  of  coal  is  lost  for  each  ton  marketed,  which  is 
common  mining  practice  to-day,  this  wastage  for  the  year 
1917  would  amount  to  over  300,000,000  tons,  which  if 
piled  as  ordinarily  piled  in  bins  or  bunkers  would  be 
equivalent  to  filling  Franklin  Field  with  a  column  six 
miles  high. 

Another  extravagant  neglect  has  been  our  failure  to 
recover  the  by-products  in  many  industrial  uses  of  coal, 
as,  for  example,  the  use  of  the  bee-hive  coke  oven,  re- 
sulting in  the  annual  loss  of  tens  of  millions  of  dollars. 

Not  only  must  we  use  our  coal  efficiently,  but  we  must 
use  grades  not  now  considered  commercially  available — 
high  ash  fuels,  bone  coals,  culm,  slack,  lignite,  and  peat. 
The  efficient  use  of  these  fuels  for  producer  gas  manu- 
facture has  already  been  successfully  demonstrated  by 
the  United  States  Bureau  of  Mines. 

PETROLEUM 

The  necessity  of  petroleum  in  the  successful  prosecu- 
tion of  the  war  is  imperative.  Petroleum  has  become  the 
principal  fuel  of  the  navies  of  the  world.  All  recent 
orders  for  battleships  and  destroyers  by  our  navy  have 
specified  oil  as  fuel.  The  lubricants  derived  from  petro- 
leum are  essential  to  the  efficient  operation  of  all  types  of 
machinery.  Gasoline  is  required  for  the  operation  of 
automobiles,  motorcycles,  auto  trucks,  airplanes,  armored 
cars,  and  motor  boats.  Our  extravagant  use  of  gasoline 
should  be  checked  not  only  now  but  for  all  time. 

The  United  States  Bureau  of  Mines  puts  the  daily 
production  of  gasoline  at  6,&49,0O0  gallons  and  the  daily 
careless  waste  thru  motor  cars,  due  to  leaky  carburetors, 
motors  running  idle,  waste  in  garages  and  thru  tank 
wagon  losses  at  over  600,000  gallons  per  day,  or  nearly 
10  per  cent,  of  the  total  production.  This  waste  is  over 
60  per  cent,  of  the  estimated  war  needs,  which  amount  to 
959,000  gallons  daily,  and  the  Bureau  estimates  that  by 
a  little  caution  on  our  part  about  using  our  pleasure  cars 
needlessly  we  can  save  an  additional  one  and  three-fourths 
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pints  daily  per  car,  or  nearly  900,000  gallons,  which  if 
added  to  the  600,000  gallons  now  carelessly  wasted  makes 
1,500,000  gallons  daily,  one  and  a  half  times  our  total 
war  demand. 

NATURAL  GAS 

Our  ruthless  waste  of  our  most  perfect  natural  fuel  is 
beyond  all  comprehension. 

When  natural  gas  was  first  used  tremendous  quantities 
were  lost  thru  inability  to  cope  with  the  high  pressures 
when  the  reservoirs  were  tapped.  Vast  quantities  have 
been  lost  thru  the  indifference  of  those  interested  in  se- 
curing petroleum,  but  not  concerned  about  natural  gas, 
and  the  gas  from  the  wells  has  been  purged  in  order  to 
get  the  oil.  As  great  as  have  been  the  losses  from  these 
two  sources,  the  really  appalling  loss  has  resulted  from 
burning  wells.  Hundreds  of  millions  of  cubic  feet  have 
thus  been  destroyed  daily.  For  twenty  years  one  well 
blew  forth  wasted  gas,  the  aggregate  value  of  which  was 
$3,000,000.  As  late  as  1913,  in  the  Oklahoma  field  alone, 
the  yearly  waste  amounted  to  100,000,000,000  cubic  feet, 
and  not  ten  years  ago  I.  C.  White,  in  speaking  of  the 
conditions  in  West  Virginia,  said :  "  At  this  very  minute 
our  unrivaled  fuel  is  passing  into  the  air  from  uncon- 
trolled gas  wells,  from  oil  wells,  from  giant  flambeaus, 
from  leaking  pipe  lines,  and  the  many  other  methods  of 
waste  at  the  rate  of  not  less  than  1,000,000,000  cubic  feet 
daily,  ami  probably  more." 

For  years  the  waste  was  equal  to  the  amount  utilized, 
and  frequently  readied  the  equivalent  of  the  loss  annually 
of  20,000,000  tons  of  coal,  or  the  destruction  of  a  38-ton 
car  of  coal  every  minute  of  every  24-hour  day  for  the 
year. 

FORESTS 

The  waste  of  our  forest  products  that  might  be  uti- 
lized for  fuel  is  enormous.  In  the  lumbering  operations 
the  loss  is  put  at  one-quarter  of  the  timber  cut,  and  at 
the  mills  at  least  another  quarter  of  the  original  forest 
output  is  sacrificed,  and  by  the  time  the  lumber  is  in  the 
finished  product  fully  60  per  cent,  of  the  forest  growth 
has  been  ruined  for  commercial  use.  Some  of  this  refuse 
is  used  for  fuel,  but  a  large  portion  is  dissipated,  and 
much  is  set  on  fire  in  order  to  get  rid  of  it. 

No  doubt  many  of  you  have  not  forgotten  the  huge 
piles  of  sawdust  and  edgings  burning  at  the  mills  day 
and  night  thruout  the  year. 

A  second  tremendous  waste  results  from  our  turpen- 
tining methods.  The  life  of  the  boxed  trees  is  but  a  few 
years  at  most,  and  many  are  blown  down  and  left  to  decay 
in  the  forest. 

The  third  and  most  serious  loss  is  due  to  forest  fires, 
whose  annual  devastation  has  often  amounted  to  fifty 
or  more  millions  of  dollars. 

UTILIZATION  OF  WATER  RESOURCES 

When  our  mineral  fuel  resources  have  been  used  they 
are  gone  forever.    The  supply  is  limited.    We  must  re- 
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form.  We  must  so  discipline  ourselves  that  we  mine 
only  such  amounts  as  we  really  need  and  can  efficiently 
use,  and,  to  the  end  that  these  fuel  resources  be  con- 
served to  meet  the  needs  of  future  generations,  we  must 
develop  our  water  resources. 

The  surprising  effect  of  hydro-electric  power  upon 
fuel  conservation  is  shown  by  the  recent  electrification  of 
portions  of  the  Chicago,  Milwaukee  and  St.  Paul  Rail- 
road in  Montana.  Two  divisions  have  been  electrified, 
and  a  third  will  be  in  a  few  months. 

As  stated  by  the  Electrical  Review,  October  20,  1917: 
"  The  conservation  of  200,000  tons  of  coal  and  800.000 
barrels  of  oil  per  annum  in  the  operation  of  about  725 
miles  of  railway  makes  a  considerable  impression  in  the 
fuel  supply  problem.  It  is  18  per  cent,  of  the  fuel  saving 
effected  by  the  reduction  of  passenger  train  service  on  all 
the  railroads  of  the  United  States  for  the  year." 

TRUE  CONSERVATION 

Besides  the  efficient  operation  of  plants  for  the  pro- 
duction of  heat,  light,  and  power,  true  conservation  means 
that: 

1.  We  must  use  efficient  modern  methods  for  mining 
coal. 

2.  We  must  recover  the  by-products  from  coal  when- 
ever possible,  and  eliminate  extravagant  methods  of  mak- 
ing coke. 

3.  We  must  use  grades  and  kinds  of  coal  not  now  re- 
garded as  commercially  available. 

4.  We  must  not  use  petroleum  as  fuel  when  other  sat- 
isfactory fuels  or  other  economical  sources  of  power  are 
available,  or  we  will  deprive  future  generations  of  the 
valuable  and  necessary  products  derived  from  petroleum. 

5.  We  must  check  the  needless,  thoughtless  waste  of 
gasoline. 

6.  We  must  check  the  useless  flow  of  natural  gas 
from  the  wells  and  the  terrible  destruction  caused  by 
burning  wells. 

7.  We  must  reduce  the  waste  in  cutting  timber  and 
manufacturing  lumber  and  must  utilize  the  unavoidable 
waste  for  fuel. 

8.  We  must  reduce  fire  losses  in  our  forests. 

9.  We  must  reforest  large  areas  and  must  substitute 
other  products  for  timber. 

10.  We  must  generate  power  close  to  the  sources  of 
supply — at  the  mines— transmitting  electrical  energy  in- 
stead of  transporting  the  coal. 

11.  We  must  take  advantages  of  our  wonderful  water 
resources. 

This  war  is  a  terrible  thing,  but  thru  its  many  whole- 
some lessons  we  should  be  brought  to  a  realization  of 
our  past  ruthless  waste  and  extravagance,  and  should 
for  generations  to  come  remember  that  fuel  as  well  as 
food  is  essential  to  our  welfare  and  protection.  "  Don't 
waste  it." 
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THERE  is  practically  only  one  type  of  compression 
rheostat  on  the  market  at  the  present  time,  so  this 
paper  will  have  special  reference  to  the  rheostats 
commercially  known  as  the  Allen-Bradley  type. 

In  order  to  bring  out  more  clearly  the  difference  be- 
tween the  compression  type  and  the  older  forms  of  sec- 
tional resistance  rheostats,  it  will  be  well  to  consider  some 
oi  the  fundamental  principles  pertaining  to  rheostats. 

What  is  a  rheostat T  A  rheostat  is  a  combination  of 
units  of  resistance,  with  means  for  varying  this  resistance. 

What  is  resistance?  Resistance  is  a  property  of  the 
form  and  material  of  the  circuit  as  a  measure  of  the 
force  required  to  maintain  unity  current.  I  make  this 
statement  to  emphasize  that  resistance  is  really  a  form 
of  the  consumption  of  energy. 

Rheostats  are  made  up  of  one  or  more  units  of  re- 
sistance; as  the  consumption  or  conversion  of  any  energy 
produces  heat  in  some  form,  it  necessarily  follows  that 
heat  is  engendered  by  the  action  of  the  rheostat,  no  mat- 
ter what  its  form  is.  This  point  is  made  because  the 
question  is  frequently  raised  with  one  or  the  other  types 
of  rheostats,  whether  for  field  control  or  as  a  motor; 
starting  it  heats  up.  As  can  readily  be  seen  from  the 
above,  it  must  necessarily  heat  up,  and  this  applies  not 
only  to  the  old  type  of  sectional  resistance,  but  also  to  the 
compression  type  of  resistance ;  as  a  matter  of  fact,  their 
function  would  not  be  accomplished  unless  they  did  heat 
up.  The  question,  however,  is  whether  this  heating  up 
produces  unsatisfactory  results  in  regulation  or  in  mainte- 
nance of  the  rheostats. 

Rheostats  are  used  with  electrical  apparatus,  gen- 
erators and  motors,  to  control  the  field  of  each  by  throw- 
ing more  or  less  resistance  in  scries  with  the  field  or 
armature  circuit. 

The  very  old  forms  of  rheostats,  such  as  were  in  use 
twenty  years  ago,  were  almost  wholly  made  up  of  iron 
wire  in  coils  placed  in  wooden  boxes,  and  these  were 
arranged  in  scries  or  in  multiple  series,  according  to  the 
capacity  desired  in  each  resistance  unit,  which  consti- 
tuted part  of  the  rheostat.  By  the  movement  of  the 
handle  these  sections  of  resistance  units  were  cut  in  or 
cut  out  one  after  the  other. 

Later,  improvements  were  made  assuming  many  dif- 
ferent forms.  Better  wire  was  used  for  resistance  pur- 
poses, wire  that  would  not  break  so  readily ;  or  the  coils, 
particularly  in  smaller  sizes,  were  embedded  in  porcelain 
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or  other  similar  material.  In  larger  sizes  the  grid  resist- 
ance was  used.  In  all  these  different  types  the  same 
fundamental  principle  was  employed,  in  the  use  of  iron 
or  composition  wire  or  metal  in  some  form,  placed  in  a 
series  or  multiple  series,  constituting  units  of  the  rheo- 
stat. Of  course,  there  are  some  forms  of  rheostats,  like 
the  water  rheostat,  but  none  of  these  special  forms  will 
be  considered  at  this  time. 

The  great  objection  to  all  the  old  types  and  forms  of 
rheostats  has  been  due  to  the  fact  that  they  were  made 
up  of  wire  or  grid-iron  resistance,  which  was  easy  to 
break,  due  to  vibration;  also  to  the  sectional  feature  of 
this  resistance,  which  meant  that  as  one  section  after  the 
other  was  cut  in  or  cut  out  a  more  or  less  decided  change 
was  made  in  the  resistance,  and  consequently  a  decided 
change  of  the  current  which  the  motor  or  generator  re- 
ceived, due  to  difference  of  potential  between  segments. 
To  show  this  graphically  meant  that  there  were  jumps  in 
current  value  as  the  handle  passed  from  one  section  to 
another.  These  jumps  and  the  extent  of  them  depended 
upon  the  number  of  sections;  the  greater  number  of  sec- 
tions the  more  costly  the  rheostat.  The  result  of  these 
greatly  changing  current  values  meant  a  liability  of 
sparking  as  the  brushes  of  the  rheostats  passed  from  one 
section  of  the  contacts  to  another,  causing  wearing  of 
the  brushes  and  contacts. 

The  compression  type  does  away  with  many  of  the 
above  objections,  and  it  will  be  interesting  to  know  of 
the  developing  features  of  this  type. 

Compression  rheostats,  deriving  their  resistance  prop- 
erties from  imperfect  contact  of  the  elements  of  resistance 
units,  were  one  of  the  early  developments  of  the  electrical 
art,  the  most  common  uses  being  the  telephone  transmitter 
and  brush  regulator,  both  employing  carbon  elements. 

A  theory  of  this  varying  resistance  by  contact  is 
that  it  is  due  to  the  michrophonic  distance  between  the 
electrodes  or  molecules ;  that  is,  the  distance  which  one 
molecule  can  be  moved  away  from  the  other  without 
breaking  the  circuit.  A  very  good  illustration  of  the  prin- 
ciple of  this  type  is  the  water  rheostat. 

The  most  satisfactory  substance  for  use  as  compres- 
sion resistance  is  carbon. 

Carbon  has  different  forms,  as  you  know:  the  dia- 
mond, graphite,  and  amorphous  carbon.  Of  course,  in 
the  form  of  diamonds  it  cannot  be  used,  for  reasons  to  be 
given  later.  Amorphous  carbon  has  not  proved  satisfac- 
tory, but  graphite  has. 

Carbon  possesses  the  following  properties : 
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1.  It  possesses  low  internal  and  high  contact  re- 
sistance. 

2.  It  is  not  readily  oxidized. 

3.  It  is  absolutely  imperishable. 

4.  It  passes  immediately  from  solid  to  gaseous  state 
if  raised  to  high  enough  temperatures,  and,  having  no 
plastic  or  liquid  state,  will  not  weld. 

5.  It  is  not  affected  by  moisture;  not  readily  acted 
upon  by  chemicals ;  not  subject  to  corrosion. 

6.  Its  specific  heat  is  high,  and,  when  away  from  cir- 
culating air,  will  endure  high  temperatures  approximating 
those  of  the  electric  arc. 

7.  Its  temperature  coefficient  is  negative. 

It  will  readily  be  appreciated  that  there  arc  marked 
advantages  in  the  use  of  such  a  material  for  rheostats,  if 
it  can  be  put  up  in  proper  form  for  practical  and  reliable 
use. 

The  elements  of  construction  of  the  compression  rheo- 
stats consist  of: 

Carbon  in  the  form  of  graphite  discs  treated  with  a 
suitable  reagent  to  give  a  high  surface  resistance  and  to 
sustain  the  resistance  while  under  high  temperatures. 

A  steel  tube  closed  at  both  ends,  with  a  refractory 
cement  lining  in  which  the  graphite  discs  are  piled  in  a 
column,  with  a  plunger  thru  the  top,  carrying  the  top 
graphite  block,  and  thru  which  the  column  of  graphite 
discs  is  compressed  by  contact  with  a  bracket  head. 

The  act  of  compression  is  performed  by  means  of 
lever  or  a  finely  threaded  screw-head  and  hand-wheel. 
The  compression  is  exerted  to  approximately  200  pounds 
per  square  inch,  and  under  these  pressures  a  resistance 
tube  of  graphite  discs  gives  the  following  various  reg- 
isters: No.  1  register  0.0000635  ohm  in  fifty-five  dif- 
ferent registers  to  16.71 168  ohms  per  joint. 

Standard  lJ/i«-inch  tubes  have  a  carrying  capacity  of 
thirty  amperes,  and  the  larger  l1  .-inch  and  1  Js-inch  tubes 
a  carrying  capacity  of  sixty  amperes  per  tube.  The  tubes 
are  multiplied  and  connected  in  multiple  or  multiple  series 
to  get  greater  capacities. 

Resistance  units  for  hand  starters  are  figured  for 
short-circuiting  at  10  per  cent,  of  line  voltage  on  them  and 
full  load  current.  The  range  of  resistance  may  be  se- 
cured as  high  as  200  to  1  by  selected  graphite  discs ;  but 
ordinarily  a  range  of  100  to  1  is  given. 

Thru  a  link  connected  to  the  lines  and  compression 
and  tension  springs  a  wide  range  of  easy  adjustment  can 
be  secured. 

The  commercial  forms  of  compression  rheostats  cover 
the  whole  field  of  hand  starters,  direct  and  alternating 
current;  direct-current  and  alternating-current  crane  con- 
trollers, direct-current  and  alternating-current  automatic 
starters,  and  batten.'  charging  rheostats. 

The  field  that  is  not  so  readily  covered  by  this  type 
of  rheostat  is  generator  field  rheostats  and  motor  rheo- 
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stats  for  control  of  speed  by  field  resistance.  The  reason 
for  this  is  because  of  the  negative  temperature  coefficient 
peculiar  to  graphite  and  the  limited  surface  for  heat 
radiation.  The  apparatus  is  more  strictly  for  intermittent 
duty.  Briefly  the  following  are  the  most  distinctive 
advantages : 

Change  of  resistance  not  due  to  cutting  in  and  out 
specific  units  or  elements  of  resistance,  but  rather  a 
gradual  change  of  the  resistance  element  due  to  change 
of  molecular  contact  of  the  graphite  discs! 

Radiating  capacity  of  the  rheostat  is  uniform,  and 
the  entire  surface  of  the  compression  rheostat  is  always 
in  circuit.  It  is  also  a  fact  that,  except  for  that  point 
at  which  the  circuit  is  closed,  and  the  point  at  which  the 
resistance  is  shunted  at  maximum  pressure,  there  are  no 
perceptible  increments  of  current  flow ;  no  sparking  due  to 
jump  of  current  flow ;  saves  the  motor,  due  to  more  even 
flow  of  current;  no  blows  to  motor,  due  to  quick  inrush 
of  current;  no  overdue  strains;  easier  on  generator  or 
motor  commutator  and  brushes  and  fuses,  causing  less 
trouble  and  repairs.  Only  limited  number  of  segments 
in  old  type  and  only  part  in  service  if  motor  starts  hard. 
As  there  is  practically  no  sparking  or  arcing  on  the  face 
plate  of  a  compression  type  of  rheostat,  there  is  less  wear 
and  tear  of  the  segments  and  contacts,  and  less  fire  risk. 

As  the  resistance  tubes  can  be  replaced  very  readily 
without  taking  down  the  rheostats,  the  cost  of  repairs 
and  maintenance  is  very  low. 

Compression  rheostats  are  not  readily  overheated,  and, 
if  so,  there  is  no  injury  caused.  Jarring  is  beneficial, 
therefore  there  is  no  trouble  due  to  vibrations  or 
crystallization. 

The  causes  of  trouble  with  a  compression  type  of  rheo- 
stat are  reduced  to  a  minimum.  Tubes  may  burn  out, 
due  to  excessive  overheating  or  overloads,  causing  a 
short-circuit  with  the  graphite  discs,  due  to  breaking 
down  of  the  refractory  cement  lining  of  the  tubes. 

Trouble  may  result  from  improper  installation ;  mount- 
ing the  rheostats  upside  down,  which,  of  course,  cuts  out 
considerable  resistance  by  the  weight  of  the  tube  and 
discs ;  improper  adjustment  or  lack  of  adjustment  of  the 
spring  tensions. 

In  time  the  surface  resistance  of  the  graphite  discs 
will  change,  necessitating  the  renewal  of  the  column. 
Under  ordinary  service  a  resistance  charge  will  last  for 
years  and  the  cost  of  replacing  is  small,  where  with  the 
old  type  the  whole  rheostat  is  probably  scrapped.  The 
above  troubles  are  peculiar  to  the  compression  type,  but, 
on  the  whole,  it  is  contended  that  this  type  is  much  more 
reliable,  costs  less  for  repair  parts  and  maintenance,  will 
stand  greater  abuse,  costs  no  more — in  fact,  less,  on  the 
larger  sizes — and  eliminates  one  of  the  objections  to 
motor  installations. 
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THE  Fair-Mount  Water  Works  may  be  considered  as  the 
last  of  a  scries  of  experiments  to  procure  for  the  city 
of  Philadelphia  an  adequate  supply  of  pure  and  whole- 
some water.  It  was  about  the  year  1797  that  the  dete- 
rioration of  the  water  procured  from  pumps  induced  the  City 
Councils  to  adopt  a  plan  suggested  by  Mr.  Latrobe  of  form- 
ing a  reservoir  on  the  east  bank  of  the  Schuylkill  River,  from 
which  water  was  thrown  by  a  steam-engine  into  a  tunnel,  and 
thence  carried  to  another  engine-house  at  the  Centre  Square, 
where  it  was  to  be  again  raised  by  a  second  steam-engine  to 
an  elevated  reservoir,  and  so  distributed  in  pipes  throughout  the 
city.  Under  many  discouraging  circumstances,  the  city  govern- 
ment persevered  in  this  work,  until,  in  January,  1801,  the  water 
was  distributed  to  the  city.  The  cost  of  these  works  was  nearly 
700,000  dollars. 

Ten  years"  experience  satisfied  every  one  that  the  supply 
thus  obtained  was  entirely  inadequate;  and,  in  1811,  another 
plan  was  adopted.  A  reservoir  was  constructed  at  a  point  just 
ahove  the  one-arch  bridge,  and  two  steam-engines,  which 
worked  alternately,  raised  the  water  105  feet  into  this  reservoir. 
But  the  supply  was  still  insufficient  for  the  rapidly-increasing  city; 
and,  after  expending  320,000  dollars  in  this  second  experiment,  in 
1819  the  last  and  most  successful  method  was  determined  upon 
and  commenced  by  the  appropriation  of  350,000  dollars  to  carry 
it  into  effect. 

A  dam  was  thrown  across  the  river,  at  the  same  point  where 
the  last  works  were  erected.  This  dam  is  about  1600  feet  in 
length,  and,  for  the  greater  portion  of  its  extent,  runs  diag- 
onally up  the  stream  until  within  a  short  distance  of  the 
western  shore,  when  it  runs  at  a  right  angle  to  join  it.  At 
this  western  end  of  the  dam  are  the  locks  and  canal  of  the 
Schuylkill  Navigation  Company.  The  city  works  are  on  the  east- 
ern shore  of  the  river,  and  are  constructed  with  a  degree  of 
elegance  and  durability  that  can  scarcely  be  surpassed.  Space 
for  the  works  had  to  be  obtained  by  blasting  a  solid  rock, 
which  here  formed  the  bank  of  the  river;  and  the  gunpowder 
used  in  this  operation  cost  no  less  than  12.000  dollars. 

The  mill-race  is  excavated  out  of  the  rock,  which  rises  on 
its  western  side  to  the  height  of  70  or  80  feet,  affording  a  sub- 
stantial support  to  the  reservoir  above.    The  south  end  or 
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wall  of  this  race  is  also  of  rock,  and  its  western  side  is 
formed  by  the  range  of  mill-houses,  which  receive  the  water, 
by  means  of  proper  gates,  upon  the  large  water-wheels:  the 
water  then  passes  out  into  the  river  below  the  dam. 

These  wheels  are  at  present  six  in  number,  and  there  are 
vacancies  for  two  more.  The  wheels  are  generally  15  or  16  feet 
in  diameter,  and  each  raises  from  1,000,000  to  1,500.000  gallons 
daily.  The  pipes  through  which  the  water  is  propelled  into 
the  reservoir  are  laid  at  the  bottom  of  the  mill-race,  and 
thence  extend  up  the  face  of  the  hill.  The  reservoir  on  the 
top  of  this  eminence  is  very  capacious;  so  that,  in  case  of  a 
freshet  in  the  river,  the  wheels  may  be  stopt  for  a  time  with- 
out depriving  the  city  of  its  customary  supply.  Iron  pipes 
conduct  the  water  thence  to  every  part  of  the  city  proper, 
and  to  nearly  all  the  surrounding  districts. 

We  may  form  some  idea  of  the  vast  benefit  conferred  upon 
Philadelphia  in  the  possession  of  these  works  by  a  state- 
ment of  the  foltowing  facts.  When  the  steam-engines  were  in 
operation,  the  expense  of  procuring  a  daily  supply  of  water 
amounting  to  1,500,000  gallons  was  30,858  dollars  a  year; 
whereas,  at  the  present  time,  when  there  are  usually  five  or  six 
wheels  in  operation,  furnishing  6,000,000  gallons  in  the  warmest 
portion  of  the  summer,  the  expense  is  less  than  3000  dollars 
per  annum.  This  abundant  supply  of  water  enables  the  city 
government  to  cleanse  the  streets  and  gutters  twice  or  thrice 
in  every  week;  the  adjoining  districts  also  imitate  this  ex- 
ample, so  that  nearly  the  whole  of  this  large  population  par- 
ticipates in  the  consequent  benefits.  It  is  not  unreasonable  to 
attribute  the  exemption  of  Philadelphia  from  any  serious  epi- 
demic sickness,  and  the  slight  visitation  of  cholera  at  a  time 
when  other  places  suffered  excessively,  to  this  copious  supply 
of  pure  and  wholesome  water. 

These  works  cost  about  430,000  dollars;  but  this  does  not 
embrace  the  sums  annually  expended  in  improvement  and  em- 
bellishment, nor  the  expense  of  substituting  iron  pipes  for  the 
wooden  ones  in  all  parts  of  the  city.  Including  these  items,  per- 
haps a  million  of  dollars  lias  been  expended.  But  the  citizens  of 
Philadelphia  are  justly  proud  of  these  splendid  works,  and 
grudge  not  the  expense  bestowed  upon  them;  whilst  thou- 
sands of  strangers  annually  visit  the  spot,  and  but  very  few 
are  unwilling  to  acknowledge  that  it  presents  an  1 
combination  of  the  beauties  of  nature  and  aft. 
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COLOR  IN  ILLUMINATION  * 

By  BEATRICE  IRWIN 


OBSERVATION  and  experiment  have  led  to  the 
conclusion  that  there  are  three  fundamental  scales 
of  color,  which  react  respectively  on  our  physical, 
mental,  and  nervous  systems.  These  I  have  named  the 
physical,  mental,  and  spiritual  colors.  Each  of  these  is 
divided  in  turn,  in  accordance  with  its  affective  values, 
into  sedative,  recuperative,  and  stimulant  colors.  Whether 
we  are  aware  of  it  or  not,  color  always  falls  within  one 
of  these  three  groups  and  always  affects  us  in  one  of 
these  three  ways.  These  subdivisions  of  color  are  repre- 
sented in  the  accompanying  chart  (Fig.  1). 

Red  has  been  called  a  stimulant,  blue  a  sedative,  and 
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green  an  exhilarating  color.  I  contend  that  red  can  be 
a  sedative,  blue  a  stimulant,  etc.,  according  to  the  com- 
position of  the  red  or  the  blue,  or  according  to  its  combi- 
nation with  other  colors.  If  we  can  determine  and  ap- 
preciate the  psychological  as  well  as  the  physiological 
value  of  a  color  we  can  utilize  it  to  an  extent  hitherto 
unknown.  This  theory  has  been  submitted  to  laboratory 
as  well  as  other  tests. 

Once  wc  realize  that  the  terms  red,  blue,  green,  etc.. 
are  only  symbols  for  long  ranges  of  vibratory  phenomena 
which  we  must  classify  and  utilize  with  a  new  nicety 
and  thoroness,  we  shall  have  taken  the  first  step  toward 
realization  of  the  full  value  of  color  as  an  influence  in 
our  lives.  If  this  new  language  of  color  is  to  conduce  to 
the  comfort  of  all,  it  will  have  to  establish  its  credentials 
thru  universal  as  well  as  individual  channels,  and  it  will 

*  Paper  read  before  the  Philadelphia  Section,  Illuminating 
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have  to  prove  its  industrial  as  well  as  its  esthetic  and 
scientific  value. 

At  last  color  is  coming  into  her  own  thru  many  chan- 
nels, and,  while  realizing  their  respective  significance,  I 
do  not  hesitate  to  say  that  one  of  the  greatest  oppor- 
tunities for  scientific  color  expression  lies  in  the  hands 
of  the  illuminating  engineer,  for  if  the  physician  and 
psychologist  can  determine  the  science  of  the  affective 
value  of  color,  the  illuminating  engineer  can  supply  that 
light  of  any  desired  hue,  and  thru  this  opportunity  he 
can  develop  a  new  field  of  achievement. 

But  in  order  that  he  may  avail  himself  of  this  oppor- 
tunity he  must  train  his  eve  and  his  whole 
organism  to  this  broader  vibratory  concq>- 
tion  and  realization  of  color. 

The  color-sense,  like  all  senses,  is  de- 
pendent upon  a  definite  but  gradual  educa- 
tion, and,  while  it  is  more  developed  in  some 
than  in  others,  it  is  certainly  capable  of 
coherence  in  all,  and  it  is  to  the  achievement 
of  this  coherence  that  the  new  science  of 
color  aims. 

An  increased  color  sensibility,  with  a 
lack  of  coherence,  is  what  all  color  expres- 
sion suffers  from  at  the  present  moment. 
In  this  color  language  we  have  found  a  new 
voice,  but  we  are  trying  to  sing  songs 
before  we  have  formulated  syllables — or 
practiced  our  scales.  The  students  of  color- 
science  are  thinking  and  speaking  of  color 
in  the  psycho-physiologic  terms  individual 
to  itself  which  my  chart  provides,  and  which  aim  at  a 
clearer  understanding  upon  a  hitherto  vexed  question. 

In  this  century  any  message  that  claims  to  be  universal 
must  fulfil  exacting  and  multiple  conditions,  because  this 
is  the  glorious  age  of  cooperation,  of  mental  democracy, 
and  of  the  intermingling  of  industry,  art,  science,  and 
religion.  History  has  never  recorded  any  epoch  in  which 
there  was  such  an  alliance  and  intcrpenet ration  of  ac- 
tivities, not  for  the  purpose  of  individual  enjoyment,  but 
for  the  general  welfare.  I  have  traveled  once  and  a  half 
around  this  radiant  world,  and  of  all  the  countries  visited 
America  appears  to  me  to  be  foremost  in  demonstration 
of  this  cooperative  universalism.  The  theoretical  philoso- 
phies and  cautious  enterprise  of  other  countries  pale 
before  the  ruddy  and  solid  proofs  of  progress  that  arc 
embodied  in  your  vast  cities,  your  expositions,  your  splen- 
did libraries  and  colleges,  and  in  your  representative 
homes,  which  all  proclaim  the  marvels  of  light  and  the 
longing  for  its  further  utilization  and  understanding  thru 
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this  mobile  and  ardent  medium  of  color.  Surely  then  it 
is  not  only  well  but  essential  that  we  should  employ  some 
specialized  classification  of  a  phenomenon  that  we  arc  ex- 
pressing so  freely. 

I*"or,  fundamentally,  this  growing  need  and  use  of 
color,  and  the  increasing  number  of  persons  who  are  ex- 
plaining and  demonstrating  its  life,  are  only  so  many 
statements  of  the  fact  that,  having  battled  with  Nature's 
coarser  forces  and  expressed  their  conquest  thru  graven 
images  of  metal,  wood,  and  stone,  the  race  is  now  turning 
to  the  conquest  of  the  finer  forces  which  are  collectively 
expressed  in  such  words  as  light,  electricity,  vibration, 
and  color. 

This  new  and  broader  aspect  of  color  is  finding  more 
numerous  adherents  among  psychologists,  artists,  astrono- 
mers, and  craftsmen. 

Turning  now  to  color  in  illumination,  we  may  premise 
that  the  principal  purposes  of  illumination  are  "  Utility," 
"  Beauty,''  and  "  Hygiene."  Each  of  these  may  be  pro- 
moted thru  a  discerning  and  discriminating  use  of  color, 
and  the  demand  for  color  in  illumination  is  a  proof  of  our 
need  for  specialization  in  this  application  of  light.  I 
can  foresee  the  creation  of  harmonic  and  mobile  in- 
stallations that  will  vie  with  Nature's  rhythmic  distribu- 
tion of  light,  which  is  so  marvellously  adapted  to  man's 
mobile  requirements,  for  it  is  contrary  to  cosmic  law  that 
the  human  organism,  so  pulsating  and  plastic  in  its  essence, 
should  be  subjected  to  a  monotonous  lighting.  How  would 
a  plant  be  affected  were  it  subjected  to  the  same  degree 
of  light  continuously? 

Once  the  principles  of  color-science  have  been  mas- 
tered, half  a  dozen  decorative  schemes  can  be  created  by 
the  use  of  adjustable  screens,  or  textile  linings  for  globes, 
but  these  linings  should  not  fatigue  the  eye  with  useless 
design.  In  lighting,  as  in  other  channels,  the  liberation 
of  color  from  conventional  design  is  an  essential  point, 
because  our  perception  of  vibratory  color  values  is  im- 
peded by  our  perception  of  form.  In  my  decorative  work 
I  advise  diffused  semi-indirect  lighting  for  the  first  or 
general  installation,  and  either  lamps,  side  brackets,  or 
globes  sunk  in  the  wall  for  what  I  call  special  or  color 
installation.   Let  us  consider  these  installations  in  detail. 

The  general  installation  may  with  esthetic  propriety 
lay  more  stress  upon  its  fixtures  which  have  a  permanent 
decorative  value  in  the  interior,  but  these  fixtures  should 
also  be  selected  in  harmonic  correspondence  with  general 
color  environment.  How  often  one  sees  a  charming  little 
room  vulgarized  by  the  introduction  of  a  massive,  pre- 
tentious brass  or  bronze  lamp  that  is  utterly  incongruous 
with  either  the  volume  of  light  generated  or  the  textiles 
illuminated !  My  attendance  at  various  electric  exhibits 
has  shown  me  that  considerable  attention  is  still  needed 
in  this  accessory  branch  of  illumination.  The  general 
installation  should  be  tinted  either  to  heighten  or  lower 
the  whole  vibratory  color  values  of  the  room,  but  this 
tinting  should  be  delicate  and  unobtrusive,  its  aim  being 
to  create  atmosphere  rather  than  to  focus  attention.  This 
is  the  function  of  the  second,  or  color,  installation,  and 


in  this  case  the  fixture  should  be  as  nearly  invisible  and 
as  unimportant  as  possible,  so  that  the  impression  re- 
ceived may  be  from  the  color  itself,  and  it  is  best  to  ex- 
press such  light  motifs  in  the  natural  recesses  of  shadow, 
or,  if  such  recesses  do  not  exist  in  a  room,  we  can  create 
them  by  various  artificial  means.  For  this  purpose  I 
have  used  masses  of  silk  (which  has  a  high  reflective 
value)  around  special  installations. 

The  sunken  globes  to  which  I  have  referred  were  also 
originated  by  me  for  the  purpose  of  creating  mobile  color 
expression  in  the  interior.  Set  in  the  wall  under  glass 
ledges,  their  brilliance  gives  life  to  the  hollowed  niche 
in  which  is  set  the  color  screen  which  they  illumine. 
These  screens,  which  I  am  painting  on  parchment,  are 
varied  in  form,  can  be  changed  at  will,  and  are  restful 
and  effective.  The  electric  current  operated  in  connec- 
tion with  them  can  have  several  degrees  of  intensity, 
which  further  affects  the  color  values  of  these  screens.  In 
large  halls  or  ball-rooms  such  effects  could  be  used  with 
great  decorative  value  in  conjunction  with  pools  of  colored 
light  in  the  floor  under  glass  translucences. 

When  people  become  more  acquainted  with  the  hy- 
gienic value  of  colored  lights  possibly  they  may  insist  on 
these  installations  with  as  much  stress  as  they  now  lay 
upon  ventilation.  Compare  our  modern  windows  with 
the  slit-like  apertures  of  the  Middle  Ages,  and  notice 
how  the  race  demands  light  as  it  progresses.  Now,  from 
quantity  we  are  advancing  to  quality,  and  color-science 
can  teach  us  to  differentiate  in  this  all-important  ques- 
tion of  the  degree  and  nature  of  the  lighting  system  in 
our  dwellings.  Unless  in  stores,  where  matching  is  a 
necessity,  the  daylight  system  of  illumination  is  a  source 
of  eye-strain  and  nervous  exhaustion.  Just  as  inadequate 
lighting  is  responsible  for  eye-strain  in  some  cases,  so 
over-lit  rooms  are  responsible  in  other  cases  for  more 
neurasthenics  than  the  average  physician  is  aware  of. 
Color-science  suggests  that  every  building  shall  have  two 
systems  of  illumination  for  alternate,  but  not  simul- 
taneous, use.  The  first  installation  shall  fulfil  practical 
demands,  preserving  the  general  conditions  necessary  for 
ocular  hygiene,  but  avoiding  any  pronounced  color  or 
decorative  effects.  For  example,  in  a  dining-room  or 
library,  for  general  purposes,  there  should  be  a  discreetly 
tempered  luminance  graded  harmonically  to  the  vibratory 
color  values  of  the  room,  but  in  addition  to  this  there 
should  be  decorative  motifs  of  light  which  have  a  definite 
color  purpose  and  value,  and  this  installation  could  be 
operated  as  occasion  demands. 

To  preserve  color-balance  a  room  worked  out  in  sed- 
ative color  scale  should  have  a  recuperative  value  in  its 
first  and  stimulant  values  in  its  second  installation.  Do 
you  notice  that  I  purposely  avoid  the  terms  "  utilitarian  " 
and  "decorative,"  because  I  feel  so  strongly  that  in 
reality  these  terms  are  one,  the  greatest  use  always  under- 
lying the  greatest  beauty,  the  needless  distinction  be- 
tween these  terms  being  accountable  for  most  of  our 
errors  in  color  expression. 

(Conlinutd  on  Pagt 
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NOTES  ON  FIRE  PREVENTION* 

By  H.  P.  WEAVER 


THE  following  is  a  brief  resume  of  the  thoughts 
presented  at  the  meeting  above  noted : 
Fire  prevention  should  properly  have  a  place  in 
the  consideration  of  the  safety  engineer.  Fires,  in  the 
main,  are  accidents,  and,  quite  aside  from  property  de- 
struction, often  result  in  injuries  or  loss  of  life.  In  addi- 
tion to  this,  the  actual  loss  in  property  destruction  and  in 
indirect  cost  to  the  nation  can  be  shown  to  amount  to 
about  $400,000,000  or  $500,000,000  per  year.  In  these 
days  of  billion-dollar  expenditures,  this  may  not  be  re- 
garded as  an  impressive  sum,  but  nevertheless  it  does 
involve  a  problem  well  worth  the  most  careful  considera- 
tion. It  is  a  fact  that  the  fire  loss  per  capita  in  this 
country  is  eight  or  ten  times  as  great  as  in  some  of  the 
European  countries.  It  must  be  recognized  that  insur- 
ance does  not  pay  for  fire  loss,  but  mcrety  distributes  it. 

What  are  the  reasons  for  this  apparently  extravagant 
waste  of  material  and  human  resources ':  First,  let  us  con- 
sider the  underlying  and  fundamental  reasons.  One  of 
the  most  prominent  underlying  of  these  is  liberty.  The 
American  citizen  prizes  very  highly  his  liberty,  but  he  is 
inclined  to  interpret  it  as  freedom  from  restriction  of  any 
sort.  This  attitude  leads  to  the  feeling  that  the  citizen 
should  be  permitted  to  continue  the  existence  of  condi- 
tions in  his  own  premises  which  may  be  a  danger  not 
only  to  himself  but  to  his  neighbors,  and  he  should  brook 
no  interference  in  this  from  the  constituted  authority. 
If  he  chooses  to  build  a  bonfire  in  his  back  yard  on  a 
windy  day,  that  is  entirely  his  affair,  even  tho  it  may 
seriously  endanger  the  property  of  his  next-door  neigh- 
bor. He  does  not  wish  to  be  told  by  the  fireman  on  in- 
spection detail  to  clean  out  his  basement,  as  he  feels  that 
his  basement  is  his  own  domain  and  should  be  subject 
to  no  one's  control.  Consequently  the  maintenance  of 
fire  conditions  at  a  point  reasonably  free  from  even  the 
most  commonplace  hazards  is  difficult. 

Another  underlying  cause  is  the  great  American  hustle. 
We  take  pride  in  our  speed,  in  our  devotion  to  the  main 
chance,  and  our  ability  to  drive  directly  to  the  desired 
object  without  diversion  of  thought  or  energy  to  side 
issues  of  any  sort.  Fire  prevention  is  perhaps  a  side  issue. 
Therefore  we  have  little  time  or  thought  for  anything  of 
this  sort  which  may  not  show  a  direct  profit  on  the  books 
and  which  we  may  avoid  if  we  have  good  luck  over  a 
period  of  years. 

A  third  underlying  reason  is  the  wide  prevalence  of 
highly  combustible  construction  in  this  country.  Altho 
the  frame  building  for  manufacturing  purposes  is  grad- 
ually disappearing,  nevertheless  great  numbers  of  build- 

♦Rend  at  meeting  of  the  Philadelphia  Safety  Council, 
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ings  with  incombustible  walls  have  wooden  interiors 
which,  in  conjunction  with  combustible  contents,  furnish 
all  the  setting  necessary  for  practically  a  total  loss.  The 
frame  building  is  still  a  large  factor  in  the  dwelling-house 
phase  of  the  question,  and  this,  altho  not  so  directly  re- 
lated to  business  and  industry,  is  not  a  subject  to  be  en- 
tirely overlooked.  In  the  older  European  countries  com- 
bustible construction  is  much  more  rare,  and  this  in 
itself  is  a  potent  factor  in  keeping  down  serious  fire  loss. 

We  could  profitably  spend  a  great  deal  of  time  dis- 
cussing the  specific  causes  of  fire.  It  might  not  be  amiss 
to  regard  the  whole  problem  as  divided  into  various  lines 
of  defense.  Let  us  call  the  first  "  fire  cause."  In  this 
line  the  object  is  to  prevent  the  origin  of  fire,  so  far  as  it 
is  possible  to  do  so.  Those  specially  trained  in  such  mat- 
ters can  detect  and  recognize  many  fire  causes  in  seem- 
ingly innocent  conditions.  The  next  line  of  defense  may 
be  designated  as  "  fire  extinguishing " ;  that  is,  if  fire 
starts  despite  the  precautions  to  prevent  it,  then  proper 
facilities  should  be  available  to  put  it  out.  Here,  also, 
careful  analysis  of  conditions  and  of  the  adaptability  of 
specific  forms  of  protective  equipment  is  necessary. 
Suppose,  then,  that  these  two  lines  of  defense  fail  us  and 
we  must  fall  back  on  a  third.  This  we  may  call  "  fire 
spread."  Our  properties  should  be  divided  by  fire  walls 
and  otherwise  separated  by  proper  physical  barriers  so 
that  if  fire  gets  entirely  beyond  control  it  will  not  de- 
stroy a  large  amount  of  property,  but  will  reach  only  a 
certain  limited,  segregated  area,  in  order  that  the  actual 
property  loss  may  be  kept  within  bounds  and  so  that,  if 
possible,  the  manufacturing  or  other  processes  carried  on 
may  continue  in  the  remaining  units  until  such  time  as 
the  destroyed  sections  can  be  replaced. 

These,  then,  are  the  three  primary  lines  of  defense, 
and  under  each  one  may  be  discussed  a  variety  of  specific 
subjects. 

There  are,  for  instance,  questions  of  care  of  oils  and 
inflammable  materials.  Electrical  equipment  must  be 
properly  installed  and  maintained.  Stoves,  furnaces, 
steam  pipes,  and  other  sources  of  heat  must  be  reasonably 
safeguarded.  Cleanliness  must  be  maintained  at  a  high 
standard.  Rubbish,  refuse,  and  sweepings  must  be  cleaned 
tip  regularly  and  removed  promptly.  Care  must  be  taken 
to  see  that  smoking  and  the  use  of  matches  arc  limited  to 
sections  where  the  hazard  is  at  a  minimum.  The  many 
special  hazards  incidental  to  the  elaborate  manufacturing 
processes  carried  on  these  days  must  be  studied  and  prop- 
erly safeguarded.  Care  must  be  taken  to  see  that  fire 
walls  are  complete  and  adequate  and  that  any  necessary 
openings  arc  protected  by  suitable  fire  doors  or  other 
equipment,  making  sure  always  that  such  things  are  in 
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proper  working  order.  Vertical  openings  for  stairways, 
elevators,  or  other  purposes  must  be  so  arranged  that  they 
will  not  form  flues  for  the  quick  transmission  of  fire 
from  lower  to  upper  stories.  Study  must  be  made  of  the 
dangers  of  exposing  exterior  structures  which  may  be 
the  means  of  communicating  fire  from  the  outside.  The 
situation  must  be  reviewed  to  make  sure  that  proper  pro- 
tective equipment  of  the  many  kinds  available  is  selected 
to  meet  the  existing  conditions.  Not  only  must  it  be 
proper" n  amount,  but  it  must  be  carefully  selected  for 
design,  workmanship,  material,  arrangement,  accessibility, 
etc.  Watchmen  must  be  selected,  and  they  should  be 
watchmen  and  not  fossils.  Alarm  systems  must  be  in- 
stalled, fire  brigades  must  be  organized  and  trained,  and 
many  other  things  too  numerous  for  discussion  at  this 
time  must  be  reviewed  and  scrutinized  most  carefully. 

Where  does  the  responsibility  for  the  proper  handling 
of  these  many  problems  rest?  First,  there  is  the  re- 
sponsibility of  the  public.  Cities  must  maintain  proper 
fire  departments  for  the  prevention  and  extinguishing  of 
fires.  Needless  to  say,  fire  departments  should  be  free 
from  political  manipulation.  Building  departments  must 
be  looked  to  for  proper  supervision  of  building  construc- 
tion and  proper  structural  maintenance  of  buildings 
already  in  existence.  Building  codes  must  be  suitable  and 
must  be  enforced.  Here,  again,  politics  should  be  kept 
strictly  on  the  outside.  We  must  look  to  the  city  like- 
wise for  proper  water  supplies,  even  to  the  extent  of 
high-pressure  systems  in  congested  districts.  Upon  the 
city  also  devolves  the  duty  of  developing  a  tangible,  prac- 
tical scheme  for  the  city's  growth  in  such  a  way  that  con- 
flagration possibilities  will  be  gradually  reduced,  if  not 
eliminated. 

From  state  authorities  must  be  expected  the  appoint- 
ment and  moral  and  financial  support  of  a  state  fire 
marshal,  together  with  legislation  and  funds  necessary 
to  put  in  force  proper  fire  precautions  thruout  those  sec- 
tions under  the  jurisdiction  of  the  state  in  particular. 

Education  of  the  public  is  to  be  expected  thru  various 
commercial  bodies,  such  as  Chambers  of  Commerce  and, 
beginning  still  further  back,  thru  the  schools  themselves. 

The  larger  and  more  far-sighted  corporations  are 
doing  a  vast  amount  of  work  in  the  reduction  and  control 


of  fire  hazards  in  their  own  properties.  This  alone  is 
one  of  the  most  important  factors  in  the  treatment  of  the 
general  fire  hazard  thruout  the  country.  These  concerns 
bear  in  mind  particularly  those  phases  which  concern 
possible  interruptions  to  the  continuous  operation  of  their 
business.  Many  interesting  points  arise  in  the  study  of 
this  particular  phase  of  the  question.  Just  as  a  single 
example,  can  you  imagine  a  way  in  which  a  modern  plant 
could  be  more  completely  shut  down,  so  far  as  produc- 
tion is  concerned,  than  by  destroying  its  source  of  power 
supply?  Even  a  comparatively  small  fire  at  the  proper 
point  in  the  power  system  of  a  modern  plant  may  cripple 
it  seriously  for  a  considerable  period. 

Then,  last,  but  by  no  means  least  important,  comes  the 
individual  himself.  In  the  everyday  dwelling  there  are 
almost  invariably  present  many  very  obvious  fire  hazards 
which  can  be  detected  by  persons  not  necessarily  trained 
fire-protection  engineers.  When  you  go  home  to-night 
look  over  your  own  house  from  top  to  bottom  and  see 
how  many  genuine  fire  hazards  you  can  find  and  how 
easily  most  of  them  will  be  eliminated.  Consider  the 
small  bottle  of  gasolene,  the  metal  polish  which  has  com- 
bustible ingredients,  the  furniture  polish  rags  which  are 
liable  to  spontaneous  ignition,  the  matches  which  are 
carelessly  used,  the  gas  fixtures  so  placed  that  window 
curtains  can  blow  into  them  or  so  arranged  that  they  can 
be  swung  into  contact  with  woodwork  or  other  com- 
bustible material.  Look  over  that  pile  of  rubbish  in  the 
basement  and  decide  whether  it  could  not  be  removed.  If 
the  ashes  from  your  furnace  are  being  removed  in  wooden 
boxes,  do  not  let  the  sun  set  again  until  you  have  provided 
metal  receptacles  for  them.  Then,  finally,  consider  how 
you  would  arrange  for  the  escape  of  the  occupants  of 
sleeping-rooms  in  upper  stories  without  going  out  into 
the  halls,  which  are  the  first  places  to  become  filled  with 
smoke  and  fire. 

Bear  in  mind  all  of  these  things,  and  then  remember 
the  three  primary  lines  of  defense.  Prevent  the  fire  oc- 
currence if  possible,  be  equipped  to  extinguish  it  if  it  does 
occur,  and  arrange  your  property  so  that  it  cannot  spread 
thruout  the  entire  group.  With  these  thoughts  before 
you.  see  what  you  can  do  to  reduce  the  national  ash  heap. 
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W.  H.  PALMER,  JR.  (8.  A.  E.)  JOHN  D.  CASSELL  (A.  S.  BL  A  V.  B.) 
THOMAS  SPROULE  (I.  E.  9.)  H-  F.  SAHVTLLB  (A.  I.  E.  B.) 

H.  W.  FORSTBR  (P.  S.  C.) 

TELLERS 

OBO.  B.  CROFOOT.  Cbiirnua 
JOHN  P.  MUDD  CHAS.  F.  PUFF 

HAROLD  GOODWIN.  JR.  JOHN  S.  ELY 


NOMINATIONS 

W.  P.  DALLETT.  duOraua 
THOMAS  C.  M (BRIDE 
CARL  BERING 
W.  P.  TAYLOR 
W.  J.  SERRJLL 
F.  C.  DUNLAP 


PAPERS 

LEWIS  B.  KBNNEY,  Chaira 
R  H  FBRNALD 
W.  POOL  PAKKKR 
H.  P.OANT 
G.  M.  SPEAR 
W.  M.  BOBHM 
H.F.  SANVTLLB 
L.  P.  KELLOGG 
J.A.! 


R.H. 


BY-LAWS 

J.  F.  STEVENS, 

(ALD      J.CTRAUTW1NE.  JR 


SPECIAL  COMMITTEES 

NATIONAL  SERVICE     INCREASE  OF  MEMBERSHIP   AFFILIATED  SOCIETIES 


GUTLLIAEM  AERTSKN,  Chairman 
LEWIS  H.  KENNEY 
WM.  C.  L.  EG  LIN 
S.  M  SWAAB 
J.  F.  STEVENS 
F.  K.  WORLBY 


ROBEKT  M   BARR,  Chairaun 
CHARLES  E.  BORINB         F.  H.  GILPIN 
FREDERICK  j.  RYAN       W.  P.  DALLBTT 
J.  D.  CASSELL  H.  A.  TBRRELL 

J.  B.  GIBSON  T.  Y.  OLSEH 

CHARLES  F.  MEBUS 


CARL  HBRINO.  Ch»lrra«n 

HARLAN  S.  MINER 
D.  ROBERT  YAJtNALL 


BUILDING 

F.  C.  DUNLAP,  Chairman 
S.  M.  SWAAB 
H.  P.  GANT 
J  F.  MURRAY 
WM.  POOL  PARKER 
B.  A  STOCKLY.  SeeT  el  Com 


CONSERVATION  OF  FUEL 


GBOROE  R 
S.  L.  KNEASS 
R.  H.  FERNALD 
B.  B.  CARTER 


Chairmaa 
H.  F.  SANVTLLB 
H.  I.  MOODY 
A.  C.  WOOD 
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COMMITTEE  ON  PAPERS 

LEWIS  H.  KENNEY,  Chairman 


SPECIAL  MEETING 

At  the  Club  House,  Tuesday,  April  2,  1918,  8.16  P.M. 

The  address  of  the  evening  will  be  made  by  Dr.  H.  M.  Chance,  Member,  on 
"A  New  Method  for  Separating  Slate  from  Coal  " 


The  method,  which  is  an  entirely  new  departure  in  the  art  of  : 
from  coal,  will  be  demonstrated  by  apparatus  which  will  show  how  this  is  accomplished.  The 
method  and  apparatus  arc  not  similar  in  any  respects  to  any  of  the  forms  of  concentrators, 
jigs  or  other  appliances  heretofore  used  in  separating  materials  of  different  specific  gravity, 
the  principle  underlying  the  operation  of  this  new  method  being  the  utilization  of  differences  in 
specific  gravity  of  the  materials  to  lie  separated  by  the  use  of  a  fluid  medium  of  intermediate 
specific  gravity;  in  other  words,  a  fluid  medium  in  which  the  lighter  material  will  float  and 
the  heavier  material  will  sink.    The  application  of  the  method  is  not  confined  necessarily  to 


the  separation  of  slate  from  coal,  but  can  be  used  in  the  concentration  of  metallic  ores  by 
separating  the  ore  from  the  rock  with  which  ores  are  usually  associated. 


DR  H  M  CHANCE 


MEETING  FOR  JUNIOR  MEMBERS 

Tuesday,  April  9,  1918,  Meeting  at  the  Engineers'  Club 

The  following  paper  will  be  presented: 

I  of  Steel  Mill  Building  Construction.  »    By  R.  B.  Nicholson 


JUNIOR  PRIZE 

All  papers  to  be  considered  for  the  Junior  Prize  must  be  submitted  on  or  before  April  15,  1918,  to  the  Chairman  of  the 
Committee  on  Papers. 

PRELIMINARY  ANNOUNCEMENT 
Tuesday,  May  21,  1918,  8.15  p.m.,  at  the  Club-house.   Address  to  be  made  by  retiring  President,  Major 
John  A.  Vogleson, 

Tuesday,  June  18,  1918.  8.15  p.m.,  at  the  Club-house.   The  Junior  Prize  paper  will  be  presented  by  the 
author. 
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REGULAR  MEETING 

At  Witherspoon  Hall,  Tuesday,  April  16,  1918,  8.16  P.M. 

The  address  of  the  evening  will  he  made  by  Morris  Jastrow,  Jr.,  Ph.D.,  LL.D.,  Librarian.  University  of  Pennsylvania, 
and  Professor  of  Semitic  Languages,  on 


"  The  War  and  the  Eastern  Question  " 

The  paper  will  be  illustrated  with  lantern  slides. 

Members  of  Affiliated  Societies  are  cordially  invited  to  attend. 

Members  of  the  Club  and  Affiliated  Societies  are  privileged  to  invite  ladies. 

The  Eastern  question  is  an  ancient  heritage.  Professor  Jastrow  will  show  in  his  lecture 
the  early  age  to  which  this  troubleM.ime  problem  can  be  traced  back.  There  are  several  aspects 
Of  the  Eastern  question — one  connected  with  the  Balkan  States,  another  connected  with  Asia 
Minor  and  the  lands  adjacent  to  it — Palestine,  Mesopotamia,  Egypt  and  Arabia— and,  thirdly,  the 
Far  East.  In  this  lecture  Professor  Jastrow  will  confine  himself  to  the  War  Ea.-t  and  show  the 
historical  relations  existing  between  the  East  and  West  from  early  days  down  to  the  present. 
The  illustrations  will  show  the  changes  in  the  map  as  we  pass  down  the  centuries  ami  will  also 
depict  the  character,  the  customs,  the  religious  beliefs  and  the  achievements  of  the  various 
peoples  forming  the  population  of  the  Near  East.  The  lecture  will  close  with  a  survey  of  the 
special  bearings  of  the  Eastern  question  on  the  issues  involved  in  the  war. 


DR.  MORRIS  JASTROW.  Jt. 


SPECIAL  MEETING 
At  Witherspoon  Hall,  Monday,  April  29, 1918,  8.16  P.M. 

The  address  of  the  evening  will  be  made  by  Dr.  Frederic  Poole,  on 
"Social,  Political  and  Industrial  Revolution  of  China" 

The  paper  will  be  illustrated  with  colored  lantern  slides  and  motion  pictures. 

Members  of  Affiliated  Societies  arc  cordially  invited  to  attend. 

Members  of  the  Club  and  Affiliated  Societies  are  privileged  to  invite  ladies. 
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CALENDAR  OF  REGULAR  MEETINGS 

THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

1918 


DAY  OF  MONTH  AHD  WXKK  HA  ME  OF  SOCIETT 

First  Monday  American  Society  of  Civil  Engineers 

Second  Monday  American  Institute  of  Electrical  Engineers 

April  8,  May  13,  June  10. 

Third  Monday  Engineers'  Club 

'■ 

Fourth  Monday  Philadelphia  Safety  Council 

April  22,  May  27,  June  24. 

Fifth  Monday  Engineers'  Club 

April  29. 

First  Tuesday  Engineers'  Club  (April) 

April  2. 

Second  Tuesday  Engineers'  Club  (Junior  Meeting) 

April  9. 

Third  Tuesday  .Engineers' Club 

April  16,  May  21,  June  18. 

Fourth  Tuesday  .American  Society  of  Mechanical  Engineers 

May  28,  June  25. 

First  Wednesday  Technology  Club 

April  3,  May  1,  June  5. 

First  Thursday  Worcester  Tech  Club 

April  4,  May  2,  June  6. 

Second  Thursday  American  Society  of  Heating  and  Ventilating  Engineers 

April  11,  May  9,  June  13. 

Fourth  Thursday  Society  of  Automotive  Engineers 

April  25,  May  23.  June  27. 

Third  Friday  Illuminating  Engineering  Society 

April  19,  May  17.  June  21. 


Engineers'  Club  Meetings  at  Witherspoon  Hall  will  be  as  follows: 

Tuesday,  April  16,  Engineers'  Club  Meetings. 
Monday,  April  29,  " 

Members  of  all  Affiliated  Societies  are  invited  to  these  meetings. 
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SCHEDULE  OF  MEETINGS 

THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

APRIL,  1918 


Tuesday,  April  2, 1918 

Wednesday,  April  3,1918 

Thursday,  April  4,1918 

Monday,  April  8,1918 

Tuesday,  April  9, 1918 

Thursday,  April  11,  1918 

Tuesday,  April  16, 1918 

Friday,  April  19, 1918 


(Date  to  be 

Monday,  April  22, 1918 

Thursday,  April  26, 1918 

Monday,  April  29, 1918 


S|>ecial  Meeting  Engineers'  Club  Engineers'  Club 

"A  New  Method  for  Separating  Slate  from  Coal  " 
Dr.  H.  M.  Chance 


8.15  p.m. 


Technology  Club  of  Philadelphia 
"  Fire  Protection  " 

R.  E.  Page 
Annual  Meeting.    Dinner  at  6.30  p.  m. 

Worcester  Tech  Club 

American  Institute  of  Electrical  Engineers 
"  Electrification  of  Railroads  in  Its  Relation  to 
Communication  Lines  " 
H.  S.  Warren 

Junior  Meeting 

"  Standardization  of  Steel  Mill  Building  Con- 
struction " 
R.  B.  Nicholson 

American  Society  of  Heating  and  Ventilating 

Engineers 
"  Vacuum  Systems  " 
G.  A.  Eagan 

Regular  Meeting  Engineers'  Club 
"  The  War  and  the  Eastern  Question  " 
Dr.  Morris  Jastrow,  Jr. 

Illuminating  Engineering  Society 
"  Progress  in  Illuminating  Engineering  During 
the  Past  Year  " 

F.  E.  Cady 

R.  F.  Pierce 


American  Society  of  Mechanical  Engineers 
(Dinner  and  Entertainment  of  the  National  Society 
Council  by  the  Philadelphia  Section) 


Engineers'  Club       8.15  p.m. 


8.15  p.m. 
8.15  p.m. 


Club 


8.15  p.m. 


Engineers'  Club        8.00  p.m. 


Hall     8.15  p.m. 


8.00  p.m. 


Philadelphia  Safety  Council 
"  The  Woman  in  Industry  " 
(Dinner  at  6.30  p.m.) 

Society  of  Automotive  Engineers 

Special  Meeting  Engineers'  Club 
"  Social,  Political  and  Industrial  Revolution  of 
China" 

Dr.  Frederic  Poole 


Engineers'  Club 


Engineers'  Club 


8.15  p.m. 

8.15  p.m. 
8.15  p.m. 


APRIL.     NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


milium 


SECRETARY'S  NOTICES 


I 


A  iHMNESs  MEKTixcof  the  Club  will  beheld  Tuesday  evening,  April  16,  1918,  at  8:15 
o'clock,  at  Witherspoon  Hall. 

In  accordance  with  the  By-Laws.  Article  V,  Section  5,  additional  nominations  for  officers 
may  be  presented,  in  writing,  at  this  meeting.  H.  A.  Stockly,  Secretary. 


ABSTRACT  OF  MINUTES  OF  TIIE  BUSINESS 
MEETING  OF  THE  CLUB 

HELD  HOBDAY  EVENING.  MARCH  II,  1*11 

The  meeting  was  called  to  order  at  8:15  p.m.  by  Mr. 
George  R.  Henderson.  About  500  members  and  guests 
were  in  attendance. 

The  minutes  of  the  Special  Meetings  of  January  29 
and  February  6,  1918,  and  the  Business  Meeting  of  Feb- 
ruary 19,  1918,  as  printed  in  the  Joirnal,  were  approved. 

It  was  announced  that  the  Board  of  Directors,  at  its 
last  meeting,  elected  the  following  to  membership:  Active, 
10;  Junior,  1. 

The  report  of  the  Committee  on  Nominations  was 
presented  as  follows: 

Mr.  President  and  Members  of 

The  Engineers  Club  of  Philadelphia. 
Gentlemen  : 

Your  Committee  appointed  to  name  candidate*  for  offices 
to  be  filled  at  the  next  annual  meeting  have  performed  their 
duty,  and  are  pleased  to  make  the  following  nominations: 
For  President  (to  serve  one  year) 
J.  Franklin  Stevens 
For  Vice-President  (to  serve  three  years) 
Joseph  C.  Wagner 
For  Treasurer  (to  serve  one  year) 
Lewis  H.  Kenkev 
For  Directors-at-large  (each  to  serve  one  year) 
S.  M.  Swaab 
Paul  Spf-now 
H.  P.  Gant 
W.  H.  Con. sell 
Walter  Ijono 
We  also  enclose  herewith  the  written  acceptance  of  each 
of  the  above-named  nominees. 

Respectfully  submitted, 

(Signed)  Carl  Hekinu 

Thos.  C.  McKmoF. 

Fred  C.  Dl-nlap 

Wm.  J.  Serriu. 

\V.  P.  Tavlok 

Stacntok  B.  Peck 

\V.  P.  Dallktt.  Chairman 

Major  W.  A.  Carrett.  assistant  general  manager,  Rem- 
ington Arms  Company,  presented  a  short  address  on 
"  Some  of  My  Observations  in  France."  which  was  fol- 
lowed by  an  address  by  Mr.  John  S.  Rossell,  president, 
Security  Trust  and  Safe  Deposit  Company,  Wilmington. 


Dd.,  entitled  "  The  Measure  of  Our  Sacrifice  in  the 
Present  World  Conflict." 

Thru  the  courtesy  of  Rear  Admiral  Benjamin  Tappan, 
I*.  S.  N.,  Retired.  Commandant  of  the  Philadelphia  Xavy 
Yard,  the  Navy  Yard  Band  rendered  selections  at  the 
meeting. 

A  unanimous  vote  of  thanks  was  extended  to  the 
speakers  and  to  the  band. 

The  meeting  was  recessed  at  10  p.m.,  to  reconvene 
on  Tuesday  evening.  March  19,  at  8:15  o'clock,  at  the 
Club-house. 

ABSTRACT  OF  MINUTES  OF  THE  RECONVENED 
BUSINESS  MEETING  OF  THE  CLUB 

HELD  MARCH  1*.  1*11 

The  meeting  of  March  18  was  reconvened  at  8:15 
p.m..  at  the  Club-house. 

The  rejwrt  of  the  tellers  on  the  amendments  to  the 
By-Laws  was  presented,  as  follows  • 

Mr.  {'resident  and  Members  of 

The  Engineers'  Club  of  Philadelphia. 
Gf.ntlemf.n  : 

Your  Tellers  have  counted  the  votes  cast  on  the  amendment 
to  Article  I,  Section  2,  and  Article  VII.  Section  2,  of  the  By-Laws, 
and  declare  that  336  legal  ballots  were  cast,  as  follows : 

For  Article  I,  Section  2.  276— Against  Article  I.  Section  2,  60. 
For  Article  VII,  Section  2,  274-Against  Article  VII.  Section  2.  62. 
Respectfully  submitted, 

(Signed)  Gvjci.  E.  Crofoot 
John  P.  Mi-no 
Chas.  F.  Pl-fh,  Jr. 
H.  Goodwin.  Jr. 

The  amendments  were  therefore  declared  adopted. 
The  meeting  adjourned  at  8:30  p.m. 

REGULAR  MEETING  OF  THE  BOARD 
OF  DIRECTORS 

HELD  MARCH  U.  1*U 

The  meeting  was  called  to  order  at  7  :30  p.m  .  with 
Vice-President  Yarnall.  Directors  Fernald.  Cant.  Kenney, 
Moody,  Forstall,  Bullens,  R.  M.  Barr,  Douglas.  Past  Presi- 
dents Swaab  and  Carter,  Treasurer  Stevens,  and  Secretary 
in  attendance.  President  Yogleson,  Vice-Presidents  An- 
drews and  Eglin,  Directors  C.  W.  Barr,  Henderson,  J.  C. 
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Wagner,  S.  T.  Wagner,  Ehle,  and  Past  President  Ledoux 
were  excused.   Director  Hayward  was  absent. 

The  minutes  of  the  Regular  Meetings  of  January  8 
and  February  12  and  the  Special  Meeting  of  February  5, 
as  issued  to  the  members  of  the  Board,  were  approved. 

REPORT  OF  THE  PRESIDENT 

Mr.  Yarnall  reported  that  Mr.  W.  P.  Dallett  has  ac- 
cepted the  chairmanship  of  the  Committee  on  Life  Mem- 
bership, and  Mr.  Robert  M.  Rarr  the  chairmanship  of 
the  Committee  on  Increase  of  Membership. 

A  letter  was  read  from  President  Voglcson,  stating 
that  he  would  be  pleased  to  comply  with  the  desire  of  the 
Board  that  he  remain  as  president  for  the  remainder  of 
his  term. 

REPORT  OF  THE  SECRETARY 

A  letter  having  been  received  from  the  Secretary  of 
the  Board  of  Trustees,  Pennsylvania  State  College,  re- 
questing the  Club  to  appoint  three  delegates  to  the  annual 
meeting  to  be  held  in  the  Old  Chapel,  State  College,  2 
p.m.,  April  23,  1918,  for  the  purpose  of  electing  twelve 
members  of  the  Board  of  Trustees,  the  President  was  au- 
thorized to  appoint  them. 

A  letter  was  read  from  Mr.  M.  C  Bittel,  chairman  of 
the  Club  and  Public  Relations  Committee  of  the  Junior 
Section,  asking  for  representation  on  the  Hoard  of  Di- 
rectors, and  the  Board  ruled  as  follows : 

"  For  the  presentation  of  any  matter  they  may  wish 
to  bring  to  the  attention  of  the  management  the  Juniors, 
upon  their  request,  be  permitted  to  have  a  representative 
in  attendance  during  such  lime  as  Junior  matters  are 
under  discussion  at  the  meetings  of  the  Board.  It  was 
the  further  desire  of  the  Board  that  the  Juniors  be  en- 
couraged to  work  out  their  problems  with  the  existing 
committees  of  the  Club,  as  outlined  in  Mr.  Kenney's  letter 
of  March  1,  1918." 

The  request  for  reinstatement  made  by  Mr.  Edward 
S.  Clinch,  Jr.,  whose  resignation  as  ati  active  member  in 
good  standing  was  accepted  in  November,  1917,  was 
granted. 

The  resignation  of  Mr.  Edward  M.  Miller,  Active 
member,  was  presented  and  accepted. 

Subsequent  to  the  last  meeting  of  the  Board,  the  fol- 
lowing have  been  transferred  to  Life  Membership: 

J.  Lawrence  Hagy  Stewart  A.  Jcllett 

R.  C.  Morgan 

REPORT  OP  THE  TREASURER 

The  financial  report  of  the  Treasurer  as  of  Feb- 
ruary 28,  1918,  and  the  quarterly  report  of  the  auditors 
as  of  January  31,  1918,  were  presented  and  accepted. 

Thru  Mr.  Stevens,  Mr.  Dallett,  chairman  of  the  Com- 
mittee on  Life  Membership,  requested  the  Board  to  remit 
the  dues  for  the  year  1918-19  for  such  members  as  shall 
have  paid  the  Life  Membership  fee  during  the  month  of 
April,  1918,  and  the  Board  granted  the  request. 


REPORT  OP  THE  COMMITTEE  OH  HOUSE 

The  Committee  recommended  that  the  list  of  clubs 
and  societies  with  which  the  Club  exchanges  privileges  be 
divided  between  the  societies  with  which  the  Club  ex- 
changes technical  and  library  privileges  only  and  those 
with  which  full  Club-house  privileges  arc  exchanged. 

The  Committee  was  authorized  to  formulate  rules  for 
exchange  privileges,  and  to  write  the  various  clubs  and 
societies,  explaining  such  rules,  report  to  be  made  to  the 
next  regular  meeting  of  the  Board. 

The  Board  further  authorized  that  the  issuing  of 
1918-19  meml>ership  cards  he  deferred  for  thirty  days,  in 
order  to  give  the  Committee  time  in  which  to  settle  the 
question  of  exchange  privileges. 

REPORT  OP  THE  COMMITTEE  OH  MEMBERSHIP 

At  the  recommendation  of  the  Committee,  the  follow- 
ing were  elected : 


To  Active  Membership: 
Vernon  F.  Alley 
Clarence  K.  Fairbanks 
Milton  W.  Franklin 
James  C.  Goddard 
Harold  S.  Hayden 


Leif  E.  Norbom 
Samuel  E.  Ourbacker 
Wm.  J.  L.  Roop 
Harry  J.  Stockum 
Floyd  W.  Woodcock 


To  Junior  Memliership: 

L.  Cheyney  Smitti 

REPORT  OP  THE  COMMITTEE  OH  PUBLICATION 

The  Committee  presented  a  report,  which  was  ac- 
cepted by  the  Board,  showing  an  unexpended  balance  in 
its  appropriation  of  $68.68. 

REPORT  OP  THE  COMMITTEE  OH  PAPERS 

The  Board  accepted  the  report  of  the  Committee, 
which  was  as  follows: 

Arrangements  have  been  made  for  a  meeting  of  the 
Club  at  Drexel  Institute,  March  18.  The  date  for  the 
regular  meeting,  in  accordance  with  our  By-Laws,  would 
be  March  19,  but  verbal  authority  of  the  senior  Vice- 
President  was  obtained  to  make  the  change  in  date,  in 
accordance  with  the  By-Laws,  Article  II,  Section  2. 
This  meeting  will  be  a  Business  Meeting,  in  view  of  the 
fact  that  there  will  be  committee  reports  to  be  presen'ed. 

The  Committee  had  made  tentative  arrangements  for 
a  paper  on  "  The  Application  of  Science  to  the  European 
War,"  but  was  unable  to  obtain  the  prospective  sj>eaker. 
Arrangements  were  therefore  made  for  an  address  on 
'•  The  Measure  of  Our  Sacrifice  in  the  Present  World 
Conflict."  by  Mr.  John  S.  Rossell,  president  of  the  Se- 
curity Trust  and  Safe  Deposit  Company,  Wilmington, 
Del.,  and  chairman  for  New  Castle  County,  Third  Federal 
Reserve  District,  Liberty  Loan  Committee.  At  his  sug- 
gestion, we  have  arranged  thru  the  Liberty  Loan  Com- 
mittee of  Philadelphia  for  Major  W.  A.  Garrett,  assistant 
general  manager  of  the  Remington  Arms  Company,  to 
present  a  short  talk  on  "  Some  of  My  Observations  in 
(CoHtinurd  on  Pagt  X>1) 
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COMMITTEE  ON  MEMBERSHIP 

D.  ROBERT  YARN  ALL,  Cmuiun 


JOHN   EDWARD  SHYDER 

1847  North  Sixth  Street,  Philadelphia,  Pa. 
Engineer  and  Contractor. 

Proposed  by  Charles  \V  Russ  and  Edwin  Smith. 


CANDIDATES  FOR 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  April  8  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "Chairman  of  the  Committee  on  Membership, 
Engineers'  Club.  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 

FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

ARCHIBALD  LEVY  ALTEMUS 

3203  West  Pcnn  Street,  Philadelphia.  Pa- 
Sales  EiiKinecr.  Trussed  Concrete  Steel  Company,  Youngstown, 
Ohio. 

Proposed  by  A.  E.  Yarnall.  James  \Y.  Pearce,  and  Harry  W. 
Payne. 

JOHK  FOLSZ 

21  Fern  Avenue,  Collingswood,  N.  J. 
Chief  Draftsman,  Otis  Elevator  Company  (Philadelphia  Zone). 
Proposed  by  W.  M.  Manning,  E.  \V.  Dcakin,  and  F.  K.  Worley. 

FREDERICK  B.  SAHSOM 

125  West  School  Lane.  Gcrmantown,  Philadelphia,  Pa. 
Mechanical  Engineer. 

Proposed  hy  Emmctt  B.  Carter  and  John  P,  Mudd. 


Exton,  Pa- 
Manager,  Machinery  Department.  Pennsylvania  Steel  Export 
Company. 

Proposed  by  H.  A.  Jensenius.  J.  Franklin  Stevens,  and  Thomas 
C.  McBride. 

EDWARD  HBHRY  WARMER 

Wyneva    Apartments,    Section    "  A,"    Wayne   and  Wyoming 

Avenues,  Germantown,  Philadelphia,  Pa. 
Production  Engineer.  Midvale  Steel  and  Ordnance  Company. 

Philadelphia,  Pa. 
Proposed  by  C.  E.  Barba  and  John  P.  Mudd; 


secretar: 

yContinufd  j 

France."  The  Commandant  of  the  Philadelphia  Navy 
Yard  has  kindly  detailed  the  Navy  Yard  Band  to  provide 
music  for  this  meeting. 

The  character  of  the  meeting  is  radically  different 
from  any  which  the  Committee  has  previously  arranged, 
but  it  was  thought  desirable  for  the  Club  to  go  on  record 
as  having  rendered  a  public  service  to  the  Government 
at  this  time. 

The  schedule  of  papers  for  the  remainder  of  the  season 
was  presented  and  approved. 


S  NOTICES 

m  Fay  200) 

Ciiwlttn  on  C«a*emttoa  of  F«el 

The  Committee  presented  a  request  from  the  Robert 
W.  Kennedy  Company  to  reprint  and  issue  the  article  on 
"  Coal  Thrift  "  prepared  by  the  Committee. 

The  Board  granted  permission  to  the  Robert  \V.  Ken- 
nedy Company  and  similar  concerns  to  reprint  the  article 
on  "  Coal  Thrift,"  as  prepared  by  the  Committee,  on  con- 
dition that  such  concerns  submit  proof  to  the  Club  before 
the  final  printing,  in  order  that  it  may  be  seen  that  the 
arrangement  of  type  and  setting  shall  be  satisfactory. 


REPORTS  OF  SPECIAL  COMMITTEES 
Committee  on  N»t<on*t  Sorrlco 

It  was  announced  that,  with  the  approval  of  Mr.  Yar- 
nall, the  Club  mailing  list  had  been  made  available  to  the 
Citizens"  Committee  of  the  Liberty  Loan  Association  in 
Philadelphia. 

At  the  request  of  this  committee  for  suggestions  from 
the  Board,  the  Committee  Chairman  was  instructed  to  use 
his  own  discretion  with  the  Liberty  Loan  Committee  and 
with  the  Food  Commissioner,  with  a  view  to  offering  the 
services  of  the  Club  or  his  Committee,  as  he  sees  fit. 


HEW  BUSIHESS 

It  was  suggested  by  Mr.  Moody  that  the  Board  con- 
sider the  question  of  whether  or  not  it  will  maintain  the 
sale  of  liquor  during  war  times,  as  a  matter  of  food  con- 
servation and  as  a  war  measure,  and  the  matter  was 
referred  to  the  Committee  on  House,  to  report  at  the 
next  meeting  of  the  Board. 

The  meeting  adjourned  at  9:55  p.m. 

H.  A.  Stockly, 
Secretary. 
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REMARKS  ON  THE  OCCASION  OF  OPENING  THE 
NEW  DINING-ROOM,  MARCH,  1918 

EDWARD  J.  CATTELL 


M 


R.  PRESIDENT  and  my  friends  of  the  Engineers 


Every  time  a  friend  tries  to  introduce  mc  I 
brace  myself  for  a  shock,  because  every  night  I  meet 
friends  I  never  met  before.  I  suppose  I  ought  to  keep 
still,  but  I  can't.  My  father  used  to  say  when  I  was  a  boy 
that  my  tongue  was  hung  at  the  middle  and  wagged  at 
both  ends.  At  the  end  of  a  banquet  1  am  very  apt  to  l)e 
in  the  condition  of  the  bright  little  boy  I  took  dinner  with 
in  Yorkshire.  When  he  got  thai  he  said  to  his  nurse, 
"  Pick  I  up;  carry  I  out,  but  don't  bend  I."  Bendability 
is  the  keynote  of  sociability.  I  must  congratulate  you. 
my  friends,  on  the  wonderful  success  of  this  dining-room. 
You  cannot  run  the  machine  without  firing  up. 

While  in  St.  Louis  last  year,  making  a  flying  trip 
from  one  State  to  another,  the  papers  printed  much  about 
the  slow  men  of  Philadelphia.  One  night  after  speaking 
as  I  sat  down  in  the  dining-room  of  the  Planters'  Hotel  to 
get  some  supper,  a  fellow  with  the  old-fashioned  idea  of 
Philadelphia  came  over  to  me  and  said,  "  Can  I  get  you 
anything?"  I  said,  "Yes;  I  came  from  Philadelphia, 
where  we  go  to  bed  very  early,  but  I  am  accustomed  to 
eat  something  very  simple  and  light  before  I  go  to  bed.'' 
He  said,  "  How  would  you  like  a  little  toast  with  some 
hot  tea?"  It  did  not  strike  me,  so  I  said,  "  Try  again." 
He  said,  "  You  might  possibly  stand  some  scrambled 
eggs."  I  said,  *'  That  does  not  strike  me.  I  will  take 
what  I  cat  every  night  when  I  am  at  home.  Bring  me 
some  lobster  a  la  Newburg,  a  cup  of  coffee  and  a  piece 
of  apple  pie."  The  waiter  brought  it  in  and  I  would  have 
died  rather  than  fall  down,  so  I  ate  it.  I  saw  four  waiters 
in  line  watching  me.  The  next  morning  I  heard  one  of 
them  say  to  the  captain,  "  By  Jove,  the  old  man  is  still 
alive!" 

There  has  never  been  a  more  carefully  planned  piece 
of  legislation — one  more  thoroly  investigated  and  thought 
out— than  our  present  currency  and  banking  system.  I 
was  at  a  bankers'  dinner  not  long  ago  at  which  representa- 
tives from  nearly  every  great  financial  interest  were  pres- 
ent, and  it  was  the  unanimous  opinion  that  the  enactment 
of  that  legislation  was  almost  providential  in  its  char- 
acter. It  released  and  put  at  the  service  of  the  commercial 
world  over  fifty  thousand  million  dollars  of  wealth  that 
we  could  not  touch  before,  and  made  possible  the  rapid 
financing  of  this  world  war.  That  legislation  is  noted 
for  one  feature,  a  feature  which  everybody  should  bear 
in  mind.  Here  is  a  nation  of  110  million  people  covering 
3,600,000  square  miles  of  territory,  with  an  immense  num- 
ber of  cities,  a  great  diversity  of  interests,  and  vet  our 


legislative  authorities,  having  the  general  good  in  mind, 
placed  two  of  the  twelve  great  money  centers  of  America 
within  ninety  miles  of  each  other.  Philadelphia  was  dis- 
covered by  the  highly  trained  financial  experts  to  have 
so  much  original  wealth,  such  tremendous  capital  invest- 
ments all  over  this  country,  was  found  to  have  so  many 
men  with  ideas  and  ability  to  do  things  in  a  way  that 
spelled  success,  that  when  they  came  to  divide  the  nation's 
financial  power — the  greatest  financial  power  of  the 
world— they  put  two  banks  within  ninety  miles  of  each 
other — the  great  federal  reserve  banks,  one  in  Philadel- 
phia and  one  in  New  York.  The  nearest  Southern  bank  is 
located  at  Richmond.  Va.,  and  the  nearest  Western  bank 
at  Cleveland,  Ohio. 

That  was  a  remarkable  action,  and  it  was  justified. 
There  is  no  large  city  in  the  world  with  a  greater  wealth 
per  capita  than  Philadelphia.  Nobody  can  get  exact 
figures  on  the  city  wealth,  but  I  think  we  will  go  over 
$6000  per  capita,  which  is  more  than  three  times  the 
general  per  capita  wealth  of  the  nation.  Our  State  pos- 
sesses certain  characteristics.  Instead  of  the  farmers 
going  out  of  the  State  to  spend  money,  after  harvests  are 
gathered  in,  a  great  number  stay  at  home,  making  cigars 
and  underwear.  We  have  been  a  thrifty  people  for  225 
years,  and,  with  the  wealth  born  of  that  thrift,  have  stood 
back  of  every  engineering  development  in  America. 

This  is  an  engineering  war.  gentlemen.  Philadelphia 
is  the  mother  city  of  the  great  idea  for  which  this  war 
is  being  fought — liberty — and  it  seems  to  me  there  could 
be  nothing  more  appropriate,  nothing  more  valuable  to  the 
country  at  large,  than  that  you  should  have  this  engineer 
home  center  where  men  can  meet  men  of  kindred  facts 
and  kindred  talents,  where  they  can  foregather  with  men 
from  other  cities,  consult  with  them ;  where  they  will  find 
opportunity  to  impress  others  with  that  idea  of  stability, 
of  reality,  of  actuality,  which  is  the  dominant  note  of 
Philadelphia. 

You  will  do  everybody  good  that  you  bring  into  this 
splendid  Philadelphia  Club;  I  do  not  care  what  city  you 
may  have  been  born  in ;  when  you  come  to  Philadelphia 
as  an  adopted  home  you  catch  a  little  of  that  poise  which 
makes  you  a  real  citizen  of  a  real  republic.  We  are  not 
jealous  of  any  other  city.  The  average  Philadelphian 
can  hold  his  own.  there  is  no  difficulty  about  that.  Do 
not  become  possessed  with  the  idea  that  wc  arc  second  to 
anybody  or  inferior  to  anybody.  If  a  thing  is  worth 
doing,  Philadelphia  docs  it;  if  not,  we  let  it  alone  and  do 
not  talk  about  it.  We  conserve  energy. 

I  am  an  optimist,  first,  because  I  am  a  Philadelphian ; 
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second,  because  I  know  that,  given  certain  conditions  in 
the  body  politic,  and  certain  qualities  or  opportunities 
in  or  for  the  individual,  there  is  only  one  result — success. 
I  was  asked  a  conundrum  one  time :  "  How  far  can  a 
dog  run  into  the  woods?"  I  replied,  "As  far  as  he 
wants  to."  The  answer  was,  "  No;  after  he  has  gotten 
half  way  in,  he  is  running  out.  isn't  he?"  When  you  get 
beyond  midnight  you  do  not  get  decider  into  the  night  but 
nearer  to  the  new  day.  That  is  the  American  attitude 
toward  any  dark  night — any  crisis.  When  I  hear  these 
terrible  prophecies  about  America,  how  they  stir  my 
anger !  You  will  see  a  notice  in  the  pa|»crs  that  Congress 
appropriated  forty-two  million  dollars  a  day— ruining  the 
country ;  but  nobody  says  that  during  that  time  America 
created  one  hundred  million  dollars  new  wealth  out  of 
which  to  pay  that  forty-two  mitlion — not  a  word. 

Now,  my  friends,  here  is  another  fact :  When  I  was 
young  the  wealth  of  America  was  seven  thousand  million 
dollars.  A  conservative  estimate  to-day  puts  it  at  two 
hundred  and  thirty-seven  thousand  million  dollars.  Two 
hundred  and  thirty  thousand  million  dollars  have  come 
into  existence  in  this  country  in  the  span  of  my  life.  Do 
you  wonder  that  I  am  an  optimist  ?  Our  immense  wealth 
is  the  greatest  ever  concentrated  in  any  country  in  the 
world.  We  are  one  hundred  and  forty -two  years  old; 
yet  what  we  have  in  the  way  of  national  wealth  is  only 
the  production  of  five  years — less  than  that.  This  means 
that  in  any  year  about  85  per  cent,  of  what  we  produce 
we  consume,  either  thru  the  waste  of  social  and  peaceful 
life  or  thai  the  waste  of  warfare  and  warlike  life.  Eco- 
nomically, there  is  no  difference  between  blowing  up 
$100,000  of  powder  in  a  pyrotechnic  exhibition  or  in  a 
battle,  not  the  least.  I  venture  to  prophesy  at  the  end  of 
this  war — and  I  believe  it  will  come  within  eighteen 
months— that  we  will  not  show  an  impairment  of  over  10 
per  cent,  in  accumulative  wealth ;  that  the  whole  cost  of 
this  war  will  be  paid,  less  that  10  per  cent.  ( which  will 
be  about  $30,000,000)  out  of  the  savings  which  we  make, 
without  stopping  business.  In  the  Civil  War  jieriod  we 
cut  our  expenditures  in  Philadelphia  three-fifths  without 
feeling  it  and  without  rigid  economies.  My  estimate  is 
that  we  are  spending  about  five  to  six  million  dollars  a 
day  in  Philadelphia  now.  This  one  city,  with  less  than  2 
per  cent,  of  the  country's  population,  can  stand  5  per 
cent,  of  the  expense  of  the  war  and  not  feel  it. 

You  must  keep  your  faith  in  America;  but  you  will 
have  to  start  out  with  the  will  to  believe  and  not  fall  over 
trifles.  I  stopped  one  of  our  general  officers  the  other 
night  and  said.  *'  I  hear  you  are  punishing  men  for  too 
trivial  offences  at  the  Navy  Yard."  He  said,  "  What  is 
it  ?"  I  said.  "  You  sent  a  man  out  the  other  day  to  get 
'  Recruits  '  and  he  brought  in  '  Piedmonts  '  and  you  gave 
him  six  days."  Many  i>enaltics  that  we  fix  uj>on  our- 
selves are  just  as  foolish ;  we  are  always  looking  for 
trouble.  I  had  a  friend  who  was  annoyed  by  the  barking 
of  a  dog.  He  opened  the  window  and  held  the  dog  out 
until  it  froze  to  death.  He  killed  ihe  dog,  but  we  buried 
the  man  with  pneumonia  a  week  later.    Another  was 
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bothered  with  a  fly.  The  fly  lit  on  a  valuable  watch.  He 
struck  at  it  and  killed  it,  but  he  destroyed  a  $500  watch 
at  the  same  time.  He  did  not  wait  for  the  fly  to  get  off 
the  watch.  It  is  very  much  the  same  with  amateurs  ex- 
perimenting with  our  machinery  of  war  and  commerce  in 
the  final  result.  At  the  close  of  this  war  it  is  going  to  be 
a  question  of  the  survival  of  the  fittest,  and  if  we  destroy 
by  breaking  up  the  whole  transportation  and  producing 
system  of  the  nation,  then  when  peace  comes  we  will  be 
fifteen  years  getting  back  to  the  old  position  of  wealth 
production  and  other  nations  will  capture  foreign  trade 
and  will  have  skimmed  all  the  cream  off  before  we  can 
get  at  it. 

Do  not  forget  the  fact  that  America  has  become  great 
thru  her  ability  to  create  new  buying  power  and  not  econ- 
omies. You  will  sec  abroad  into  how  many  pieces  they 
split  a  penny.  We  do  not  do  that.  We  are  like  that  old 
Spartan  king  who  turned  to  the  wonderful  musician  when 
he  got  thru  and  said,  "  I  cannot  fiddle,  but  I  can  make  a 
small  town  a  great  city."  We  have  the  talent  to  take  an 
acre  of  ground  that  twenty  years  ago  was  producing 
$15.00  an  acre  and  make  it  produce  season  after  season 
$950.00  an  acre  instead  of  $15.00.  We  have  the  talent 
to  go  into  sections  of  this  country  where,  forty  years  ago, 
we  had  sections  marked  "  arid  "  in  every  geography  in 
the  world  and  by  the  splendid  scientific  engineering  skill 
of  our  countrv  make  it  possible  to  raise  three  crops  a 
year.  We  have  not  only  seven  hundred  and  fifty  million 
acres  in  total  ground  area  in  America  not  in  use.  but  a 
thousand  million  acres  on  which  we  can  increase  our 
production  800  per  cent.  The  next  time  you  take  a  ride 
to  Boston,  just  keep  tab  on  the  unused  land  which  rolls  by. 
Now  it  is  the  power  which  is  at  our  command  to  get  out 
of  that  land  which  was  before  called  arid  this  marvelous 
result  that  is  to  be  the  help  of  America. 

It  is  thru  the  skill  of  your  wonderful  engineering  pro- 
fession that  we  arc  to  solve  the  great  problem  of  trans- 
portation— that  Europe  is  to  be  rebult,  and  many  of  those 
old  roads  in  Europe,  which  originally  followed  historic 
lines  and  doubled  the  distance  between  two  points  will 
be  rebuilt  on  the  air-line  plan.  They  are  going  to  be  built 
in  the  new  way  that  will  lessen  transport  cost  over  those 
roads  to  a  sufficient  amount  to  pay  for  the  capital  cost  of 
improvement.  Do  you  realize  that  in  this  country  we  have 
eighteen  hundred  thousand  miles  of  road  over  which  it 
costs  twenty-five  cents  a  ton  for  moving  products  where 
it  ought  to  be  only  ten  cents?  Do  yon  realize  that  there 
are  points  where  miles  of  slack  can  be  taken  out.  that 
the  average  haul  to  the  first  point  of  shipment  by  rail 
is  over  nine  miles  from  the  point  of  production,  and  a 
difference  of  twenty  cents  a  mile  added  to  the  cost  of 
moving  makes  the  cost  so  high  that  many  products  are 
not  moved  at  all  ? 

I  envy  you,  my  friends,  in  your  mighty  day  of  oppor- 
tunity with  your  God-inspired  skill.  With  a  world  torn 
with  blood  and  tears  and  pain  coming  back  to  its  senses 
and  once  more  showing  the  (iod  creative  and  construc- 
tive, to  be  able  to  lead,  to  be  able  to  guide,  to  bring  order 
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out  of  chaos,  that  is  something,  because  that  which  we 
do  reacts  on  the  doer,  and  in  this  splendid  age  it  seems  to 
me  that  in  America  there  are  only  two  things  for  an 
American:  He  has  either  to  live  to  serve  or  die  to  save. 
No  matter  whether  you  are  at  the  front,  going  over  the 
top,  or  at  home  working  to  back  up  the  man  who  is  going 
over  the  top.  in  each  instance  you  perform  an  act  of  hero- 
ism in  bringing  mankind  closer  to  the  living  (k)d,  enabling 
him  to  get  a  new  grip  on  the  splendor  of  life  and  the  dig- 
nity of  living.  This  nation  is  dividing  into  hogs  and  heroes, 
and  the  hogs  have  a  right  to  live  and  enjoy  their  natural 
environment.  I  do  not  say  that  the  hog  has  not  a  right  to 
live,  but  he  must  not  complain  if  people  treat  him  and  his 
hog-like  environment  with  disgust.  It  is  not  the  world  that 
owes  mc  a  living,  1  owe  the  world  a  life.  Out  of  this 
contest  is  to  come  a  higher  type  of  manhood,  a  greater 
joy  in  living.  Let  us  get  rid  of  all  this  pessimism;  it  is 
poison  down  to  the  roots.  When  I  read  these  pessimistic 
articles  I  just  wonder  if  the  writers  are  not  working  in 
the  wrong  direction.  You  can  always,  if  you  want  to, 
get  proof  for  a  theory ;  if  you  are  firm  enough  in  the 
theory  you  will  find  the  proof ;  that  is  the  difficulty.  Too 
few  people  go  at  the  problem  with  an  open  mind. 

1  f  1  had  any  story  to  bring  to  you  to-night,  it  is  this : 
In  the  first  place,  life  gets  better  the  longer  you  live,  so 
you  need  not  hurry.  In  the  second  place,  nobody  can  be 
happy  in  America  unless  he  is  playing  ball,  and  that  means 
hitting  the  ball  and  not  the  umpire.  There  is  an  awful 
difference.  We  have  ninety-nine  critics  for  one  creator, 
(let  into  the  class  of  patting  on  the  back  and  believing  in 
ourselves  and  believing  in  others. 

I  spoke  about  the  economic  conditions  underlying  this 
war.  I  have  a  right  to  speak  with  some  authority.  I 
was  trained  with  Jay  C  ooke  and  George  C.  Thomas — the 
men  who  built  the  Northern  Pacific  and  reorganized  the 
Reading  Railway,  and  a  number  of  other  great  prop- 
erties. I  have  been  in  touch  with  banking  interests  for 
over  forty-five  years.  We  are  working  along  the  cleanest, 
sanest  lines  of  any  nation  that  ever  entered  and  passed 
thru  a  great  war.  We  have  practically  rendered  fluid 
every  dollar  of  our  two  hundred  and  thirty-seven  thou- 
sand million  of  national  wealth,  thru  the  addition  of  our 
loan  banks  and  our  present  currency,  and  we  can  fight 
this  war  for  twenty-five  years  and  win  it ! 

I  have  visited  twelve  of  the  big  cantonments  and  gath- 
erings of  troops.  1  have  spoken  to  groups  as  large  as 
7000  in  number  of  our  soldiers  and  sailors.  During  a 
total  of  eighteen  to  twenty  years'  residence  abroad  I  have 
come  in  contact  with  the  armies  of  the  nations  opposed 
to  us.  I  want  to  go  on  record — and  the  facts  will  prove 
whether  I  am  wrong  or  right — that  our  boys,  given  equal 
equipment,  can  beat  three  to  one  of  the  soldiers  abroad. 
Within  a  week  I  put  that  statement  up  to  an  army  officer 
in  the  United  States  Army  with  twenty-five  years'  ex- 
perience, a  man  who  has  been  in  Europe  watching  the 
troops  in  this  war.  I  said.  "  Am  1  making  a  foolish  state- 
ment ?"  He  said,  "  No ;  I  would  make  it  four  to  one  and 
risk  my  reputation." 
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We  go  into  this  war,  which  is  an  engineering  war, 
after  three  years'  experience  which  has  proved  many  of 
the  old  theories  to  be  absolutely  false.  A  member  of  a 
great  committee  that  investigated  wcajxms  before  this 
war  told  me  that  experts  were  unanimous  in  opinion  that 
the  bayonet  should  be  discarded  as  a  useless  weapon  in 
war.  The  records  of  this  war  show  more  men  have  been 
killed  with  the  bayonet  than  with  the  bullet.  Germany  has 
been  forty  years  getting  ready.  There  have  l>cen  tre- 
mendous developments  in  those  forty  years,  and  these 
three  years  of  war  have  made  wonderful  developments. 
We  arc  going  into  it  with  machine  power,  man  power  and 
heart  power,  with  the  knowledge  of  the  mistakes  that 
others  have  made.  We  should  go  into  this  war  with 
malice  toward  none,  with  charity  for  all.  I  do  not  be- 
lieve in  creating  hate,  but  when  a  man  asks  me  whether  my 
mother  was  a  good  woman  I  do  not  argue  with  him ;  I 
knock  him  down.  There  is  no  middle  ground.  We  are 
coming  thru  this  war  victors,  and  we  arc  coming  thru  it 
having  found  our  soul  as  a  nation — going  back  to  many 
of  the  old  habits  and  traditions  that  made  our  land  great, 
because  our  forefathers  practiced  and  believed  the  clean 
things — clean  thinking  and  clean  living  without  giving 
thought  of  self — that  will  make  a  bigger  and  stronger 
nation.  Material  reasons  make  me  optimistic,  but  beyond 
and  above  all  arc  the  spiritual  feelings  and  aspects.  I 
would  like  to  leave  with  you  a  picture  that  I  have  left  in 
a  great  many  places  over  this  country.  It  has  helped  me 
and  it  may  help  you.  Last  year  during  the  Liberty  Loan 
campaign  I  went  down  to  see  that  the  bell  in  the  State 
House  tolled  on  time.  There  I  met  a  picture  that  I  would 
not  give  up  for  a  great  deal.  I  heard  a  dispute  between 
a  police  officer  and  a  sailor.  The  officer  turned  to  me 
and  said,  "  This  man  is  insisting  on  getting  into  Inde- 
pendence Hall  to  see  the  bell.  Wc  don't  have  a  light 
there  at  night  and  he  won't  take  no  for  an  answer."  I 
turned  to  this  splendid  young  fellow  and  asked.  "  Can't  I 
you  come  to-morrow  ?"  He  said,  "  That  is  impossible. 
We  sail  at  5 :30  in  the  morning  on  the  converted  German 
cruiser.  We  are  going  to  the  fighting  zone.  I  only 
reached  Philadelphia  from  Wisconsin  at  6  p.m.  My 
mother  was  a  Philadelphian.  I  have  never  been  here 
before.  The  Liberty  Bell  and  the  Itiblc  were  the  founda- 
tions of  her  life.  My  father  died  when  I  was  young. 
Last  April  God  took  my  mother  from  me.  I  feel  I  will 
be  nearer  to  her  when  I  am  fighting.  I  would  love  to  see 
the  bell,  if  I  could."  I  said,  "  My  boy,  you  shall  sec  it, 
rules  or  no  rules."  I  heard  the  watchman  coming  down 
the  tower  from  his  customary  station  and  I  said,  "  Will 
you  open  the  door?  I  am  speaking  in  the  name  of  the 
Mayor,  and  I  know  that  he  would  want  this  sailor  to  sec 
that  bell."  He  said.  "  AH  right,  if  you  take  the  responsi- 
bility, Mr.  Cattell."  I  said,  "  I  won't  ask  you  to  put  a 
light."  The  young  man  and  I  went  in ;  he  put  his  hand  on 
the  bell  and  then  I  stepped  into  the  shadow,  to  the  west, 
thinking  I  would  remove  the  curtain  and  give  him  a  little 
more  light.  Evidently,  when  I  disappeared  into  the 
[Continued  on  Page  $11) 
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MEMBERS  OF  ENGINEERS'  CLUB  WHO  HAVE  BEEN  CALLED  INTO  SERVICE 
IN  THE  ARMY  OR  NAVY  OF  THE  UNITED  STATES  AS  OF  MARCH  25.  1918 

NAME  RANK  CORPS  LOCATION 

Aldrich,  J.  T  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Allen,  H.  Btm.ES  Lieutenant  U.  S.  Ordnance  Department.   American  Expeditionary  Forces,  via  New  York 

Allen,  J.  G  Co.  12  Infantry.  Reserve  Officers'  Training  Camp  Fort  Oglethorpe.  Ga. 

Anders,  D.  W.   Major.  Company  D,  502nd  Engineers   American  Expeditionary  Forces,  France 

A-«ws.  JH.M  Major  Ordnance  R.  C  {  ''^^iS^j?^' 

E.  T   Captain   103rd  Engineers   Camp  Hancock.  Augusta.  Ga. 

Y.W.W.    ..  Brigadier-Gencral   Director-General  of  Railways   France 

Bake*.  W.  13  2nd  Lieutenant  Aviation  Corps  France 

Banister.  E.  S  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Barker,  E.  W.,  Jr   Truck  4-304  Ammunition  Train    Camp  Meade,  Admiral,  Md. 

Bassett,  P.  H..  Jr.  Officers'  Training  School  Camp  Meade,  Md. 

Bear,  H.  K  Lieutenant  Gas  Defense  Service  Camp  Greenleaf,  Ft.  Oglethorpe,  Ga. 

Bell,  Frank  F  1st  Lieutenant  Signal  Corps,  Aviation  Section  Gerstner  Field.  Lake  Charles.  Louisiana 

Bescherbr,  P  2nd  Lieutenant   319th  Heavy  Artillery   ...    Camp  Gordon.  Ga. 

Betus,  A.  J  -  111th  Infantry..  Camp  Hancock,  Augusta,  Ga. 

BtESTER,  W.  H.,  Jr  Corporal  "Co.  E,"  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Bishop.  A.  B  U.  S.  Radio  School  College  Park.  Md. 

Booz,  H.  C  Colonel  . .  In  Charge  of  Construction  of  Railroads,  Wharves,  etc.  Amcr.  Exped.  Forces,  via  New  York 

Boeresen.  W.  Y  315th  Infantry  Camp  Meade.  Admiral,  Md. 

Boyd,  F.  F  .  Lieutenant   U.  S.  Naval  Reserve  Force    Submarine  Base,  New  London,  Conn. 

Boyd.G  1st  Sergeant  Overseas  Repair  Section  No.  1    Gas  Defense  Service.  Medical  Corps 

Bradford,  J.  S    Major   103rd  Engineers  Camp  Hancock.  Augusta,  Ga. 

Braot.  Morris  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Bran  some,  E.  D  Ensign  Naval  Air  Service  Naval  Station,  Pcnsacola,  Fla. 

Bream.  C.  C.   Corporal  103rd  Engineers    Camp  Hancock,  Augusta,  Ga. 

Brebn,  J.  W  Captain    Engineer  Officers'  Reserve  Corps  . . .  American  Expeditionary  Forces,  via  New  York 

Brewer,  P.  C.  Jr  2nd  Lieutenant   307th  Engineers  Camp  Gordon,  Atlanta,  Ga. 

Brinton,  J.  W  Lieutenant  Quartermaster  Officers'  Reserve  Depot  Quartermaster,  Baltimore,  Md. 

Broadhbad,  Alex  19th  Reserve  Engineers  American  Expeditionary  Forces,  via  New  York 

Broderick,  D.  F  Major.  Ordnance  Officers'  Reserve  Corps   Rock  Island  Arsenal,  Rockland,  111. 

Brown,  J.  A    Major   Ordnance  Officers'  Reserve  Corps   Washington.  D.  C. 

Brown.  N.  P   Major    Railway  Engineers   U^SWSburr 

Brown,  P.  D..  19th  Reserve  Engineers   American  Expeditionary  Forces,  via  New  York 

Brown.  R.  V  Liettenant  Q.  M.  C.  304  Divisional  Trains  Camp  Meade,  Admiral.  Md. 

Brown,  W.  F  Lieutenant   ...  462nd  Co.  (Motorcycles).  E.  M.  S.  S  Fort  Myer.  Va. 

Brown,  W.  L  Lieutenant  Winchester  Repeating  Anns  Co  New  Haven,  Conn. 

Bryant,  CM   Naval  Coast  Defense   Philadelphia  Navy  Yard 

Bl'TLBR,  E.  N  1st  Lieutenant  103rd  Engineers  Gimp  Hancock,  Augusta.  Ga. 

Caccavajo,  Jos  Major  Engineer  Officers'  Reserve  Corps  France 

Cajjill,  E.  H   Carriage  Division.  P.  A.  Section.. .    Washington,  D.  C. 

Carney,  R.  E   {         ^*jjired)' }   Pearl  Harbor  Naval  Station  Hawaii 

Chance,  T.  M  Captain  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

CMtLDS,  H.  P     7th  Infantry  

Cle  eland,  R  Cadet  Engineer   S.  S.  Neuse   ..Care  U.  S.  Shipping  Board 

Colgan.  R.  J  Captain  11th  Regiment  Engineers   Care  of  Adjutant-Gen'l.  Washington,  D.  C. 

r..,r  p™.i«»  f  Ordnance  Officers'  Reserve  Corps  >  I  Office,  Chief  of  Ordnance 

Craig,  (filter  Captain  {  Supply  Division  ( t      Washington,  D.  C. 

Cra mpton,  G.  S.  Major   Director  of  Field  Hospitals,  28th  Div   .         Camp  Hancock,  Augusta,  Ga. 

Crowther,  E  C  Corporal  Jefferson  Hospital  Unit    

Cuminos,  C.  A  Captain   Quartermaster  Officers'  Reserve   Ft.  Sam  Houston,  Texas 

Custer,  E.  A  Major  Ordnance  Officers'  Reserve  Corps   Washington,  D.  C. 

Cutler,  Jambs  B  Reserve  Officers'  Training  Camp    Fort  Oglethorpe,  Ga. 

Day.  R.  F    Signal  Corps,  Aviation  Section    Ellington  Flying  Field,  Houston,  Texas 

Derby.  C.  F  Captain  Ordnance  Officers'  Reserve  Corps  Camp  Lee.  Petersburg.  Va. 
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DlU.,  C.  M  First  Battery.  Reserve  Officers'  Training  Camp  Camp  Lee,  Petersburg.  Va. 

Donnelly,  J.  B  1st  Lieutenant  103rd  Engineers  Gimp  Hancock,  Augusta,  Ga. 

Doylb,  T.  H  2nd  Lieutenant  U.  S.  Quartermaster's  Corps   Phila.  Expeditionary  Depot,  906  S.  Broad  St. 

Dunlap,  V.  R  Lieutenant  (Jr-)  Ass't  Civil  Engineer,  U.  S.  N  Naval  Air  Station.  Pen  *a  cola,  Fla. 

Dunn,  M  L  Ensign  "U.  S.  S.  Connecticut"  Care  Postmaster,  N.  Y. 

Dyson,  C.  W  Rear  Admiral  Bureau  of  Steam  Engineering.  TJ.  S.  N  Washington.  D,  C. 

Eckhardt,  J  Corporal  10th  Regiment,  3rd  Training  Battalion  Camp  Meade.  Md. 

Elcock.  Cius  1st  Lieutenant   103rd  Engineers  Camp  Hancock,  Augusta.  Ga. 

Pabb,  Rov  S  2nd  Lieutenant  301st  Engineers'  Train  Camp  Devens,  Ayer.  Mass 

Paust.  W.  D  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Pbnton.  Powell  Aviation  Corps  -  Prance 

Ferrbb.  D.  S  Engine  Officer  „  Aviation  Section.  Signal  Corps  ..M.  I.  T.  School  o{  Military  Aeronautics,  Cambridge,  Mass. 

Fish.  W.N  1st  Lieutenant  Ordnance  Reserve  G>rp*   Ala-rdeen  Proving  Ground.  Maryland 

Pulwbilbr.  J.  E  Lieutenant  Naval  Coast  Defense   American  Expeditionary  Forces,  via  New  York 

Gailing,  H.  W.,  Jr.  Private  Marine  Corps  (Aviation)   Philadelphia  Navy  Yard 

Gallagher.  L.  B...  2nd  Lieutenant  Railway  Trans.  Dept.,  U.  S.  A  American  Expeditionary  Forces.  France 

Gardiner,  P.  M  Lieutenant  U.  S.  Naval  Reserve  Corps  Naval  Training  Base,  Cape  May.  N.  J. 

GaRFORTH,  Ezba   2nd  Lieutenant  23rd  Regiment,  Highway  Engineers       American  Expeditionary  Forces,  via  New  York 

Gaum,  Carl  G  1st  Lieutenant  23rd  Regiment,  Highway  Engineers  ...American  Expeditionary  Forces,  via  New  York 

Gautribr,  Jordan  2nd  Lieutenant  56th  Engineers  Washington.  D.  C 

Gbst,  J.  B.,  2nd  2nd  Lieutenant  Engineer  Officers'  Reserve  Corps  . .  .American  Expeditionary  Forces,  via  New  York 

Gbtz,  Ralph  F  2nd  Lieutenant  32nd  Engineers  Camp  Grant.  111. 

Gilbbrt.  W.  T  21st  Railway  Engineers  American  Expeditionary  Forces,  via  New  York 

Gillam.  W.  H..  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

GOODWIN.  II.,  Jr  Lieutenant  U.  S.  Naval  Reserve  Force    

GRACBY,  A.  L  Private  Advance  Ordnance  Depot  No.  4  American  Expeditionary  Forces,  via  New  York 

Gbavbll,  W.  H  Captain  Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces,  via  New  York 

Grav,  B.  D  Major  Signal  Corps,  U.  S.  A  Lindsey  Bld'g,  Dayton,  Ohio 

Gribbel.  W.  G  Captain    30th  Engineers  American  Expeditionary  Forces,  via  New  York 

Griffin,  R.  S  Rear  Admiral  .  Eng.  in  Chief,  U.  S.  N.  Bur.  of  Steam  Engineering  Washington.  D.  C. 

Grossman,  P.  R  Private  447th  Depot  Detachment  Engineers  Camp  Devens,  Ayer,  Mass. 

GwiijjAM,  Mark  R.  M  1st  Lieutenant  21st  0.  S.  Infantry  San  Diego,  Calif. 

Hall,  W.  A  Lieutenant  Naval  Coast  Defense  American  Expeditionary'  Forces,  via  New  York 

Hamilton,  H.  A  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  

Harding,  R.  L  1st  Lieutenant  105th  Engineers  Camp  Sevier,  Greenville.  S.  C. 

Harrowrr,  R.  A  American  Red  Cross  Ambulance  Corps    France 

Hathaway.  H.  K  Colonel  Ordnance  N.  A  Washington.  D.  C. 

Havdock,  Rogbr  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  Washington  Barracks.  D.  C. 

Hf.obr.J  Lieutenant  Engineers'  Depot  Washington,  D.C. 

Hbnry,  J.  C  Headquarters  Dep't  19th  Reserve  Engineers   . .  Amcr.  Exp.  Forces,  via  New  York 

Hbthbrinoton,  S.  C  Lieutenant  315th  Infantry  Camp  Meade.  Admiral.  Md. 

HicKBY.  Y  Second  Lieutenant  Infantry  Charlotte,  Ga. 

Hollbnback,  E.  E  Major  109th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Hollistbr,  C.J  1st  Lieutenant  Dental  Corps,  28th  Division    Camp  Hancock,  Augusta,  Ga. 

Houwhn,  W.  P  C.  M.  A.  A  United  States  Navy  Air  Station  Cape  May,  N.  J. 

Hulmr,  Nobman  1st  Lieutenant  458th  Truck  Co  Port  Myer,  Va. 

Hyland,  G.  N  Cadet   U.  S.  A.  Flying  School  Park  Field,  Memphis,  Tenn. 

Jones.  Jonathan  Captain  23rd  Regiment  Engineers  American  Expeditionary'  Forces,  via  New  York 

Kbnnbdy,  J.  H  Aviation  Section,  Signal  Corps  American  Expeditionary  Forces,  via  New  York 

Kbrn,  F.  X  Lieutenant  23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Klein,  A.  C  Lieutenant.  .   Production  Section,  Gun  Division  Office,  Chief  of  Ordnance,  Washington,  l>.  C. 

Knkass.  E  Ensign  U.S.  Naval  Academy  Annapolis,  Md. 

Knight.  C.  C.  Jr  Lieutenant  81st  Division.  Field  Artillery  Camp  Jackson,  S.  C. 

Kobllb,  W.  F.  B   Sergeant  Signal  Corps  Washington,  D.  C 

Kbaus.  P.  T  Sergeant  {  Co'  "  ^^Irk^tCo^^  } Amer"  E*?'  Forces'  vi»  New  Vork 

Lawrbncb,  G.  E  Lieutenant  J.  G  U.  S.  Naval  Res.  Force.. U.  S.  S.  "Nokoroi-i,"  Enropean  Waters,  care  Postmaster,  N.  Y. 

Lawson,  T.  W.  1st  Lieutenant  109th  Infantry  Camp  Hancock.  Augusta,  Ga. 

Lb  A,  E.  S  Major  Artillery  Ammunition  Division  Frankford  Arsenal 

Levin,  J  2nd  Officers' Training  Camp  Fortress  Monroe,  Va. 

Lynch,  N.  L  Engineer  Officers'  Reserve  Corps  Washington  Barracks.  Washington,  D.  C. 

MacGarriglb.  G.  L  Private  Company  "  B,"  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Magkb,  J.  W  2nd  Lieutenant  504th  Engineers'  Corps  Washington  Barracks.  D.  C. 

Mallon.  G.  J  ..Lieutenant  (Jr.)  U.  S.  Naval  Reserve  Force  U.  S.  S.  "Mt.  Vernon,"  care  of  Postmaster,  N.  Y. 

Maltby,  P.  B  Major  Engineer  Officers'  Reserve  Corps  Army  Building.  New  York 

Mardaga.  L  Ensign  U.  S.  Naval  Reserve  Fore...  .  [  ^^^-^fgto^ 

Martin,  T.  S„  3rd   1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Mayburry,  W.  G.,  Jr  Lieutenant  334th  Field  Artillery,  National  Army  Camp  Pike,  Ark. 

McCausland,  J.  R  Master  Engineer   446th  Engineers,  Depot  Detachment  American  Expeditionary  Forces.  France 
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McClintock,  J.  L  U.  S.  Navy  Radio  Service  Parkway  Bldg,  pro  tern. 

McCokd,  J.  B  Lieutenant-Colonel   Ordnance  N.  A.  American  Expeditionary  Forces,  France 

McCormick,  J.  C  1st  Lieutenant  Engineer  Officers'  Reserve  Corp*  Amcr.  Exp.  Forces,  via  New  York 

McCoy,  J.  F  Cadet  Aviation  Section.  Signal  Corp*  Park  Field,  Memphis,  Tenn. 

McGarriglb.  J.  J  2nd  Officers'  Training  Gimp   _  Fortress  Monroe,  Va. 

McMillan,  H.  L  Major  303rd  Engineers  Camp  Dix,  Wrightstown,  N.J. 

Millar,  E.  A.,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  _  Camp  Hancock,  Augusta.  Ga. 

Moody.  Wm.  M  Reserve  Officers'  Training  Camp  Fort  Oglethorpe,  Ga. 

Moon,  T.  E  Corporal  1 1 9th  Ordnance  Depot  Co.   Camp  Hancock,  Augusta,  Ga. 

Mora*,  J.  B  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Mykrs.  W.  C  Captain  Ordnance  Officers'  Reserve  Washington,  D.  C- 

Myers,  W.  T.  2nd  Lieutenant  16th  U.  S.  Cavalry  Mercedes,  Texas 

Nbwlin,  E.  M  Captain  312  Machine  Gun  Battalion   Camp  Meade,  Admiral.  Md. 

Nbwlin,  J,  C  Major  Engineer  Officers'  Reserve  Corps  Aroer.  Embassy.  London,  care  of  Vice-Admiral  Sims 

Nixon- Miller,  M  Captain  Company  "B,"  501st  Engineers  Camp  Merritt,  N.  J. 

Noybs.  S.  H  1st  Lieutenant  1st  Aero  Squadron  Columbus,  N.  M. 

Oakks,  J.  C  Colonel  ..113th  Engineers  Camp  Shelby,  Hattiesburg.  Miss. 

Orr.  M.  W  First  Battery,  Officers'  Training  School  Camp  Meade,  Md. 

Otwbll,  Curtis  W  Colonel  319th  Engineers   Camp  Fremont,  Palo  Alto,  Cal. 

Packer,  H.  M  1st  Lieutenant   .  Park  Aviation  Field    .Millington,  Tenn. 

Perry,  Edward  Sergeant  Motor  Truck  Company  No.  329  Camp  Lee,  Petersburg.  Va. 

Pbtbrman.  J.  M  Private  Camp  Meade,  Admiral.  Md. 

Peters.  B.  T  Chief  Yeoman  Naval  Coast  Defense  Dept.  Public  Works,  Philadelphia  Navy  Yard 

Ppbpfbr,  H.  W.  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Bethlehem.  Pa. 

Pike,  Clayton  W  Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Prichbtt,  P.  B  103rd  Trench  Mortar  Battery  Camp  Hancock,  Augusta,  Ga. 

Prince,  H.  W  - .  -  Squadron  80    Camp  Eimerman,  Fort  Worth,  Texas 

Pooh,  M.  R  Major  21st  Engineers  American  Expeditionary  Forces,  via  New  York 

Rawclipps,  J.  P.  B  Lieutenant  79th  Pield  Artillery  Houston,  Texas 

Raynsporo,  C  0  1st  Lieutenant   Ordnance  Officers'  Reserve  Corps  Washington,  D.  C 

0,  R.  W  Private  19th  Reserve  Engineers  American  Expeditionary  Forces,  via  New  York 

'  Thomas  Captain  Ordnance  Officers'  Reserve  Corp  {  Wa]tCT  Sco^^Co^npfn^PWn'field.  N.J. 

R,  W.  C   Major  Ordnance  Officers'  Reserve  Corps...    Washington,  D.  C. 

Rbningbr,  H.  A  {  Jfnt?A.G. Lvjit } 53lxl  ^P01  Bci^>  -  Camp  Hancock,  Augusta.  Ga. 

Ridge.  R.  S  Sergeant  23rd  Engineers  Camp  Meade,  Admiral.  Md. 

Ridgway,  J.  J  1st  Lieutenant  Co.        318th  Infantry  ..Camp  Lee.  Petersburg.  Va. 

RiTCHiB,  J.  M  Captain  Quartermaster  Officers'  Reserve  Washington,  D.  C 

Rogers,  C.  B.  Private  20tst  Aero  Squadron  12  W.  95th  St..  New  York  City 

Roof,  J.  C  Captain  1 7th  Engineers  .France 

Roth,  P.  E  1st  Sergeant  Utilities  Department,  Quartermaster's  Corps  Camp  Meade.  Admiral,  Md. 

Sahvillb,  L.  F  Private   108th  Field  Artillery,  Penna.  Troops     Camp  Hancock,  Augusta,  Ga. 

Sautbr.  W.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Washington,  D.  C. 

{Aeronautical  1 
Mechanical  V  .  Signal  Corps,  U.  S.  A  Lindscy  Bld'g,  Dayton,  Ohio 

t,  A.  H  Company  "C."  31Sth  Infantry  *  Camp  Meade,  Admiral.  Md. 

,  J.  B  Lieutenant...  109th  U.  S.  Infantry    Camp  Hancock,  Augusta.  Ga. 

Scull,  A.  H  Lieutenant  Railroad  Transportation  Corps   American  Expeditionary  Forces,  via  New  York 

Schweglbr,  O.  P..  Reserve  Officers'  Training  Camp  Fortress  Monroe.  Va. 

Schwbixer.  H.  W    Gas  Defense  Service,  Med.  Dept.,  TJ.  S.  A.    Washington,  D.  C. 

Sheahan.  J.  C  2nd  Lieutenant  Co.  11,  Section  B,  Bldg.  6  Camp  Jos.  E.  Johnston,  Jacksonville,  Fla. 

SausTBR,  W.  H.,  Jr  Lieutenant  314th  Infantry  Camp  Meade,  Md. 

Smith.  W.  S.   Rear  Admiral  Navy  Department Special  Duty.  Naval  Consulting  Board.  Washington,  D.C. 

Smith.  X.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  The  Remington  Arms  W.  M.  C.  Co.,  Ilion,  N.Y. 

Spaceman,  H.  S  Major   Engineer  Officers'  Reserve  Overseas  Service 

Spillan,  J.  J.  D  Sergeant  Hq.  53,  Brig.  F.  A  ...Camp  Hancock.  Augusta,  Ga, 

St.  John  Everett  1st  Lieutenant  Coast  Artillery  Reserve  Corps   Fort  duPont.  Delaware 

Tawrbsby,  J.  G  Naval  Constructor   Navy  Department  Construction  Officer.  Philadelphia  Navy  Yard 

Taylor,  H  1st  Lieutenant  304th  Regiment  Engineers  Camp  Meade,  Admiral.  Md. 

Thachkr,  C.  P.,  Jr  1st  Lieutenant  Engineer  Officers'  Training  Camp  Belvoir.  Va. 

Thachbr,  C.  H.  2nd  Lieutenant  Engineer  Officers'  Training  Camp  Belvoir,  Va. 

Thomas,  R.  S  Lieutenant  Colonel  312th  Engineers  Camp  Pike,  Little  Rock,  Ark. 

Thomson,  H.  A  1st  Sergeant  Penna.  Quartermaster's  Corps  Camp  Hancock,  Augusta,  Ga. 

Thorpe,  AW  Corporal  Co.  "B,"  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Tillson,  P.  E   Lieutenant  United  States  Naval  Reserve  Force  U.  S.  S.  "Maine" 

Truhan,  L.  J  Reserve  Officers'  Barracks  "B,"  Room  No.  373  Naval  Academy,  Annapolis.  Md. 

Uhler,  W.  D  Major  Quartermaster  Corps,  N.  A  Washington,  D.  C. 

Vauclain.  A.  C   ...Major  Ordnance  Officers'  Reserve  Corps    Watertown  Arsenal 

Vavghan.  D.  L  1st  Lieutenant  Officers'  Reserve  Corps  Camp  Joseph  E.  Johnston,  Jacksonville,  Fla. 
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Voglbson,  J.  A  Major  Sanitary  Corps.  X.  A  Camp  Joseph  E.  Johnston,  Jacksonville,  Fla. 

Ward,  R.  C  -  Captain   Coast  Artillery  Fort  Greble.  R.  I. 

Warfkl,  A.  C  2nd  Lieutenant  35lh  Regiment  Engineers  American  Expeditionary  Forces  via  New  York 

Warfkl,  J.  P  Senior  Lieutenant  U.  S.  Naval  Reserve  Force  Machinery  Division.  Philadelphia  Navy  Yard 

Watson.  G.  L  Captain   Engineer  Officers'  Reserve  Corps   

Wbbd,  Walter  Loring  Major  Engineer  Officers'  Reserve  Corps    France 

Wbntz,  E.  M.  . .  . .  Asst.  Paymaster    Receiving  Ship      Brooklyn  Navy  Yard 

Whitakrr,  J.  H  2nd  Lieutenant  317th  Field  Artillery  Camp  Jackson,  Columbia.  S.  C. 

White,  W.  M.. .Captain  and  Regimental  Adjutant  ,103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Wild,  H.  J. .-   Captain..   Engineer  Officers'  Reserve  Corps   War  Department,  Washington,  D.  C. 

Williams,  H.  1  2nd  Lieutenant  Engineer  Officers'  Reserve  Corps  Corpus  Christi,  Texas 

Witte,  W.  E   . .  1st  Lieutenant   Ordnance  Officers'  Reserve  Corps  

Woerwag,  C.  A.  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  

Work,  Leonard  _ .  1st  Lieutenant  52nd  Aero  Squadron.  A.  S.  S.  C  American  Expeditionary  Forces,  via  New  York 

Worrell,  H.  S  Lieutenant  C.  A.  C.  School  D    Fortress  Monroe.  Va. 

Worth,  J.  G  Captain  Quartermaster  Officers'  Reserve  Alex.  Remount  Depot,  Macon,  Ga. 

Zeckwer.  J.  A  Ensign  U.  S.  Naval  Reserve  Force   Boarding  Officer,  Port  oi  Philadelphia 

Zisn,  George  A.  Colonel  District  Engineers'  Office,  Custom  House  Portland,  Oregon 


PORTS  AND  TERMINAL  FACILITIES 
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great  inland  back  of  the  city  are  the  steel  mills,  the  cement 
mills,  the  oil  fields  and  coal  fields,  all  pouring  out  their 
rich  products  into  this  city.  Because  of  this  the  demands 
upon  such  a  utility  must  necessarily  be  great  and  con- 
stantly grow. 

What  is  being  accomplished  at  the  water  front  ?  The 
city  is  building  substantial  piers,  the  newer  ones  being  of 
the  two-deck  type,  and  they  arc  equipped  with  modem 
machinery  for  handling  cargoes.  There  is  no  necessity 
for  lighterage  or  lighterage  charges.  There  is  that  great 
advantage  over  many  ports,  for  cargoes  can  be  loaded 
directly  from  rail  to  ship.  As  Doctor  MacElwee  said,  a 
great  expense  comes  thru  insufficient  facilities  for 
handling  the  cargo  at  the  port.  We  have  a  splendid 
fresh-water  channel,  and  with  our  facilities  for  bringing 
the  largest  ocean  freighters  up  the  river  directly  to  the 


piers  we  should  attract  the  products  of  the  country  to 
the  river  front  and  handle  them  promptly  and  efficiently. 

Xow  that  public  attention  is  called  to  the  great  con- 
gestion in  Xcw  York  City;  that  the  barriers  which  have  in 
a  measure  throttled  the  business  coming  to  Philadelphia 
arc  being  removed;  that  our  railroads  arc  being  operated 
by  the  United  States  Government,  with  the  ships  con- 
trolled by  the  same  authority — the  economic  advantages 
of  the  port  of  Philadelphia  must  be  realized.  Xo  longer 
will  it  be  necessary  for  merchants  to  send  ships  and 
cargoes  to  New  York  simply  because  they  have  been  in 
the  habit  of  sending  them  there.  The  Government  of 
the  United  States  must  ship  thru  the  most  economic  chan- 
nel, and  that  economic  channel  they  will  find,  for  a  large 
percentage  of  these  cargoes,  in  ports  other  than  Xcw 
York. 


COLOR  IN  ILLUMINATION 
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For  example,  a  living-room  may  be  worked  out  in 
sedative  gray  with  first  installation  of  diffused  lighting 
in  recuperative  rose,  and  second  installation  in  recupera- 
tive orange,  stimulant  green  and  mauve.  Once  the  key 
of  this  new  color  classification  has  been  mastered,  endless 
hygienic  and  esthetic  combinations  can  be  worked  out. 

It  is  quite  possible  for  a  lighting  system  to  possess 
color-hygiene  without  possessing  any  esthetic  value,  but 
it  is  the  aim  of  color-science  to  combine  beauty  with  use 
in  a  very  high  degree.  The  object  of  this  paper  has  been 
to  prove  that  a  cooperation  between  color-science  and 
illuminating  engineering  could  considerably  augment  the 
three  fundamental  purposes  of  illumination,  namely, 
utility,  beauty,  and  hygiene. 

We  could  cooperate  to  bring  people  to  realize  the 
physical  benefit  and  nerve-repair  to  be  obtained  from 


mobile  lighting.  They  might  learn  to  vary  the  color 
screens  in  their  rooms  as  they  now  vary  the  hanging  of 
pictures.  Indeed,  these  decorative  illuminations  may  take 
the  place  of  pictures  in  many  homes  where  it  is  not  pos- 
sible nor  suitable  to  collect  antiques.  In  the  future  these 
first  expressions  of  a  new  art-science  may  themselves  be 
called  "  antiques  "  <  Who  knows,  save  Time,  that  strange 
wizard,  who  doles  out  the  mysteries  of  space  no  sooner 
than  we  are  ready  to  receive  them? 

I  have  always  felt  a  strong  analogy  between  the 
American  and  the  Greek  republics,  for  the  great  Ameri- 
can public  is  as  vital  as  the  great  Athenian  public  was  in 
its  demand  for  variety  and  beauty  in  every  expression  of 
life.  Therefore,  with  ardor  I  commend  color-science,  and 
invoke  the  cooperation  of  illuminating  engineers. 
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JUNIOR  SECTION 


D*.  W.  M.  BotHM,  Chairman  Ex  Officio 


H.  I.  GoLDSTtt*,  Chairman 


A.  P.  Godsiio,  Secretary  § 
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THE  regular  monthly  meeting  of  the  Junior  Section 
was  held  at  the  Club-house  on  Tuesday  evening, 
March  12,  Chairman  Goldstein  presiding. 
The  appointment  of  Mr.  McCambridgc  as  chairman 
of  the  Finance  Committee  was  announced. 

Mr.  IWttcher,  chairman  of  the  By-Laws  Committee, 
has  the  matter  of  increasing  the  age  limit  in  hand,  and 
will  report  the  results  at  the  next  regular  meeting. 

Mr.  Ihttel,  chairman  of  the  Club  and  Public  Relations 
Committee,  gave  a  resume  of  what  had  l>een  done  by  his 
committee  since  the  previous  meeting.  A  letter  addressed 
to  Mr.  Yarnall  asked  him  to  present  before  the  Hoard  of 
Directors  the  resolution  adopted  at  the  last  meeting  of  the 
Executive  Committee,  asking  for  Junior  rqiresentation 
upon  the  Board.  The  lioard  meeting  having  Ir-cii  held 
the  same  night  as  our  own  meeting,  the  decision  will  be 
announced  at  the  next  regular  meeting  of  the  Junior 
Section. 

Mr.  de  Maccdo,  chairman  of  the  Nominating  Com- 
mittee, announced  that  Mr.  \V.  Z.  Kline  was  the  can- 
didate selected  for  chairman  for  next  year.  Mr.  Kline 
is  well  known  among  the  Junior  body,  having  been  very 
active  since  its  inception,  and  last  year  it  was  his  paper 
that  won  the  prize  offered  for  the  best  Junior  pa]>er.  It 
was  decided,  for  several  very  good  reasons,  to  leave  the 
selection  of  next  year's  secretary  in  the  hands  of  the 
chairman,  so  no  candidate  for  this  office  was  proposed. 

Mr.  Godsho  read  a  summary  of  the  Junior  member- 
ship campaign,  in  which  forty-six  new  Junior  members 
had  been  elected  and  six  applications  are  still  pending. 

Two  papers  were  presented  at  this  meeting: 

'•  Crucible  Process  of  Making  Steel,"  by  Mr.  A.  de 
Maccdo. 

"  Waste  Heat  1  toilers,"  by  Mr.  M.  G.  Bittel. 

Mr.  de  Maccdo  gave  an  outline  of  the  developments 
of  this  method  of  making  steel  from  the  time  of  Robert 
Huntsman,  who  made  the  first  crucible  steel  in  1740,  up 
to  the  present  time.  His  paper  resolved  itself  into  four 
parts:  The  Process,  The  Crucibles,  The  Methods  of 
Handling,  and  The  Types  of  Furnaces  Used.  The  process 
consists  of  melting  high-grade  materials  in  clay  or 
graphite  crucibles  to  obtain  a  definite  predetermined 
grade  of  steel.  The  crucibles  are  of  clay  or  graphite,  the 
latter  being  generally  used  in  this  country.  The  crucibles 
arc  packed  with  metal  in  proper  proportion  and  placed 
into  either  one  of  three  types  of  furnaces — coke,  producer 
gas,  or  oil-fired.  The  older  furnaces  were  rectangular, 
below  floor  level,  and  regenerative.    The  more  modern 


furnaces  are  regular  melting  furnaces  in  which  the  pots 
are  stood  upright,  thirty  or  more  pots  constituting  a  heat. 

Mr.  Mittel  showed  the  methods  employed  in  generat- 
ing steam  from  waste  gases  from  industrial  furnaces.  He 
first  gave  a  brief  outline  of  the  general  laws  of  heat  trans- 
mission, and  showed  how  the  heat  transfer  rate  was 
greatly  increased  by  high  gas  velocities  over  the  dry  sur- 
face of  the  tubes:  showed  why  older  installations  were 
failures,  due  to  the  non-observance  of  this  law  of  heat 
transmission.  He  explained  how  these  high  velocities 
were  obtained  in  modern  waste  heat  lioilcrs,  and  then 
showed  the  application  of  waste  heat  boilers  to  open- 
hearth  furnaces,  which  represents  by  far  the  most  numer- 
ous and  best  type  of  regenerative  furnace  and  from  which 
the  gases  are  drawn  at  a  low  temperature.  He  showed 
tests  of  these  boilers  made  in  several  steel  plants,  and  gave 
some  figures  showing  the  results  and  economies.  In  con- 
clusion, he  stated  that  this  type  of  boiler  had  proved  so 
eminently  satisfactory  that,  in  his  opinion,  any  open- 
hearth  furnace  large  enough  to  give  a  satisfactory  gas 
flow,  and  not  equipped  with  one,  was  an  economic  crime. 

The  next  meeting  will  be  held  Tuesday  evening, 
April  9,  1918,  at  8:15  o'clock.  As  there  is  important 
business  to  be  brought  up,  it  is  necessary  that  as  many- 
Juniors  as  possible  be  present. 

The  election  for  next  year's  chairman  will  )>e  held, 
and  two  of  the  committees  have  reports  to  make  which 
vitally  affect  the  welfare  of  the  Section.  So  all  are  urged 
to  be  present. 

The  paper  for  the  evening  will  be: 

"  Standardization  of  Steel  Mill  Building  Construc- 
tion," by  Mr.  R.  B.  Nicholson. 

The  time  limit  for  presenting  papers  for  the  Junior 
Prize  has  been  extended  from  April  1  to  April  15.  Up 
to  the  present  time  there  have  been  only  two  papers 
presented  in  the  coin|>etition.  Three  more  have  been 
promised,  but  with  the  extension  granted  there  is  no 
reason  why  there  should  not  be  at  least  a  dozen  papers 
for  the  judges  to  compare  and  choose  from,  and  anything 
which  interests  one  person,  if  well  expressed,  will  interest 
many.  If  every  Junior  would  just  write  a  few  pages 
about  his  own  particular  work  there  would  be  a  large 
number  of  interesting  pajwrs  and  the  competition  would 
be  keen  enough  to  make  an  interesting  job  for  the  judges ; 
besides,  this  would  help  the  Junior  movement  very  ma- 
terially by  favorably  impressing  the  Senior  body.  So  let 
every  Junior  change  some  of  his  potential  energy  into 
kinetic,  give  some  velocity  to  a  pen  point,  and  give  the 
Seniors  a  good  demonstration  of  Junior  "  pep." 
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FEBRUARY  MEETINC; 

O  a  very  appreciative  audience  on  February  26, 
Mr.  Carl  Harth  gave  his  paper  denting  with  the 
Federal  income  tax.  Mr.  Harth  pointed  out  the 
uncvenness  of  the  gradations  in  the  present  law,  and  sug- 
gested that  the  law  be  amended  to  smooth  them  out.  The 
obvious  means  would  be  by  a  very  simple  algebraic  equa- 
tion. The  rather  illogical  condition  existing  in  the  present 
law  would  have  been  partially  corrected  had  the  amend- 
ment offered  by  Senator  Stnoot  passed,  it  had  been 
hoped  that  Senator  Smoot  would  be  present;  unfortu- 
nately, he  was  not  able  to  conic. 

The  title  of  Mr.  Harth's  paper  has  misled  some  of 
those  who  had  not  read  it.  It  concerns  or  criticises  in  no 
way  the  idea  of  an  income  tax  or  the  amount  of  the  tax 
imposed.  It  has  to  do  merely  with  the  steps  or  gradations 
by  which  higher  incomes  arc  taxed  a  higher  percentage. 

Mr.  Wilfred  Lewis  presented  some  very  interesting 
suggestions  in  regard  to  differential  rates  of  taxation. 
Messrs.  J.  C.  I'arker,  Hugo  Hilgratn,  II.  L.  Henner,  and 
T.  M.  Chance  also  participated  in  the  discussion  of  Mr. 
Harth's  |»per.  The  paper  was  indeed  a  treat,  and  those 
who  did  not  have  an  opportunity  to  be  present  may  look 
forward  with  much  pleasure  to  the  paper  being  published 
both  in  this  Journal  and  the  S.  M.  E.  Journal  in 
New  York. 

An  important  committee  meeting  of  the  Philadelphia 
Section  was  called  by  Mr.  Moody  for  Friday  afternoon. 


March  22.  This  meeting,  of  course,  will  have  been  held 
by  the  time  this  Journal  reaches  the  members.  The 
subject  tor  consideration  is  the  March  and  April  meetings 
of  the  Section.  Flans  arc  being  made  for  a  joint  meeting 
with  the  Engineers'  Club  in  Witherspoon  Hall  on 
March  27. 

Dr.  S.  W.  Stratton.  Director  of  the  Tnited  States 
liureau  of  Standards,  has  promised  the  Philadelphia 
Section  a  paper  during  this  season,  and  it  is  probable  that 
arrangements  will  be  made  for  him  to  address  the  joint 
meeting.  The  subject  will  be  "  Notes  on  Accurate  Meas- 
urement :  Their  Relation  to  Successful  Munitions 
Manufacture" 

The  subject  or  sjteaker  for  the  April  meeting  is  at  the 
present  writing  not  determined.  A  special  invitation  has 
been  extended  to  the  Council  of  the  National  Society  to 
attend  this  meeting.  The  meeting  will  be  preceded  by  a 
dinner  in  the  new  dining-room  of  the  Engineers'  Gub. 
It  is  ho|icd  that  all  those  who  attend  the  meeting  will  be 
present  at  the  dinner.  The  price  will  be  one  dollar 
per  plate. 

Among  those  on  the  committees  for  the  next  two 
meetings  arc :  C.  N.  Lauer,  L.  C.  Reynolds,  T.  W.  Rressler, 
\V.  D.  Disston.  W.  L.  Fitzgerald.  P.  P.  Henshall,  L.  L. 
Hepburn,  II.  H.  Ingersoll,  E.  P.  Priebe,  H.  F..  Simpson, 
H.  Tilson.  R.  C.  Clarkson,  C.  VV.  Larner,  L.  H.  Kenny. 
E.  H.  Carter,  W.  R.  Jones.  H.  B.  Taylor,  C.  Davies.  H.  H. 
Eselstyn,  Leo  Loeb,  J.  C.  Shaw,  W.  H.  Kavanaugh,  J.  E. 
Fulweiler. 
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A-  K.  Brumbaugh,  Secretary.  Autocar  Co.,  Ardmore,  Pa.  £ 
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MARCH  MEETING 

ON  March  28th,  at  the  Engineers'  Club,  the  Penn- 
sylvania Section  of  the  Society  of  Automotive 
Engineers  stood  sponser  for  one  of  the  biggest 
free-for-all  discussions  which  has  probably  ever  been  held 
in  this  country  by  any  engineering  society. 

The  paper  was  by  Mr.  Landis,  of  the  Landis  Engi- 
neering and  Manufacturing  Company,  Waynesboro,  Pa., 
who  gave  us  a  paper  on  "  Shock  Absorbers  as  Affecting 
Easy  Riding  of  Passenger  Car  and  Ambulance."  Mr. 
Landis  treated  the  subject  of  shock  absorbers  in  a  very 
broad  way  and  touched  upon  every  known  type  of  device 
which  has  to  date  made  an  apjwarance  on  the  market. 
Mr.  Landis  took  up  each  of  these  types  separately  and 


r'xinii^rairtrimimiiimiiimumrHmra 


showed  their  value  in  aiding  and  controlling  the  action  of 
vehicle  springs  in  accordance  with  the  conclusions,  as  to 
the  limitations  of  vehicle  springs,  arrived  at  at  a  previous 
meeting  of  the  Pennsylvania  Section.  At  this  previous 
meeting  it  was  found  that  vehicle  springs,  unaided  by 
auxiliary  means,  could  not  function  properly  in  maintain- 
ing straight  line  travel  of  the  body  while  the  wheels  were 
encountering  road  obstructions. 

Taking  part  in  the  discussion  of  Mr.  Landis'  paper 
at  this  meeting  were  Ernest  Elentje,  Ed.  V.  Hartford, 
Claud  H.  Foster,  of  Gabriel  Snubber  fame,  as  well  as 
the  engineers  of  the  Houdaille  Company,  the  Westing- 
house  Air  Spring  Company,  the  H.  W.  Johns-Manville 
Company. 


210 


APRIL,     NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


TECHNOLOGY  CLUB  OF  PHILADELPHIA 


sr.  i  ::i 


H.  A.  Ti 

:  :r.ui:nu:ii 


President.  N.  A.  Whitx,  Secretary,  Wenonah,  N.  J.  § 

•  ::::"::'!;ramra!!!::::t'.;!:::i:i:!!:i:t;;:;:;:;::: :•:  :.  :^:[Uiuni:ntmnuaniii7?.iUi»nmnin]. 


J 


APRIL  MEETING 

THE  next  meeting  of  the  Technology  Club  will  be 
held  on  Wednesday  evening,  April  3,  1918.  Mr. 
R.  E.  Page,  '06,  of  the  Philadelphia  Manufacturers 
Mutual  Fire  Insurance  Company,  will  speak  on  "  Fire 
Protection."  The  paper  will  be  illustrated  by  lantern 
slides.  This  will  be  the  annual  meeting  of  the  Club,  and 
officers  for  the  ensuing  year  will  be  elected.  There  will 
be  the  usual  informal  dinner  at  6:30  p.m.  and  meeting 
at  8:15  p.m.   There  will  be  a  meeting  on  May  1,  and  the 


annual  Field  Day,  the  date  of  which  will  be  announced 
later.  No  meetings  are  scheduled  for  the  I 


MARCH  MEETING 

At  the  March  meeting  Mr.  H.  L.  Moody,  '07,  of  the 
Westinghouse  Company,  gave  a  talk  on  "  Steam  Turbines, 
Condensers,  and  Mechanical  Stokers."  The  paper  de- 
scribed the  various  types  of  machines,  and  was  illustrated 
by  lantern  slides. 
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J.  P.  Connei,  President 
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FEBRUARY  MEETING 

AVERY  interesting  and  well-attended  meeting  of 
the  Philadelphia  Safety  Council  was  held  in  The 
Engineers'  Club,  Monday  evening.  February  25. 
President  Conner  was  in  the  chair. 

The  topic  for  discussion,  "  The  Foreman  in  Plant 
Safety,"  was  opened  by  Mr.  Fred  W.  Keogh,  of  New 
York,  editor  of  American  Industries.  The  discussion  fol- 
lowed, in  which  the  following  participated:  J.  F.  Conner, 
of  The  United  Gas  Improvement  Company;  H.  B.  Har- 
mer.  of  The  Philadelphia  Electric  Company;  Captain 
John  S.  Spicer,  of  the  Frankford  Arsenal;  \V.  B.  Place, 
of  David  Lupton's  Sons  Company;  H.  P.  Weaver,  of  the 
Independence  Bureau ;  C.  C.  Black,  of  the  Department  of 
Lalmr  and  Industry;  L.  J.  Frcund,  of  Hoopcs  &  Town- 


SAFETY  COUNCIL 

NATIONAL  SAFETY  COUNCIL 


J.  P.  Mudd,  Sccrctary-Tressurer, 
Tbc  MidVale  Sted  Co.,  P.  O-  Bos  IJI2 
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send;  Mr.  Chapin,  of  the  Pennsylvania  Railroad;  R.  B. 
Duncan,  of  The  United  Gas  Improvement  Company. 

A  delightful  diversion  was  furnished  by  talent  from 
The  United  Gas  Improvement  Company.  Several  num- 
bers by  the  Olney  Octet  elicited  much  applause.  An  ac- 
cordion soloist  was  also  very  much  appreciated. 

The  musical  part  of  the  entertainment  was  directed 
by  Mr.  R.  B.  Duncan. 

The  meeting  adjourned  at  10  p.m. 

MARCH  MEETING 

The  next  meeting  will  be  held  on  March  25,  at  The 
Engineers'  Club,  but,  as  this  Journal  goes  to  press  before 
that  time,  a  full  account  of  the  meeting  will  appear  in 
the  May  issue. 


REMARKS  ON  THE  OCCASION  OF  OPENING  THE  NEW 
DINING-ROOM,  MARCH,  1918 

iContintttd  from  Page  gOi) 

shadow,  he  forgot  about  my  presence,  and  when  I  turned  to  his  God  than  he  will  ever  be  again,  until  he  meets  them 

he  was  silhouetted  against  the  open  door.   I  saw  him  drop  both  beyond  the  Valley  of  the  Great  Shadow.    That  is 

to  his  knees  in  front  of  the  bell,  ant'  as  I  watched  him  I  the  spirit  in  which  our  boys  are  going  over.    I  am  an 

held  my  breath,  because  I  thought  I  was  intruding.    As  old-fashioned  man,  born  of  an  old-fashioned  mother, 

I  watched  I  saw  his  lips  touch  the  bell  and  then  I  heard  who  believed  in  an  old-fashioned  God,  and  I  believe  the 

him  say,  "  God  help  me  to  make  good."   That  boy  was  principles  for  which  Old  Glory  stands  are  God-given  and 

nearer  the  mother  he  had  loved  and  lost,  he  was  nearer  will  be  God-protected. 
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AMERICAN  SOCIETY  OF  HEATING  AND 
VENTILATING  ENGINEERS 

EASTERN  PENNSYLVANIA  CHAPTER 


Geo  to  W.  Bakr,  President 


THE  regular  meeting  of  the  American  Society  of 
Heating  and  Ventilating  Engineers  will  be  held 
on  the  evening  of  April  11,  at  the  Engineers'  Club. 
Mr.  George  A.  Eagan  will  present  a  paper  on  "  Vacuum 
Systems." 

The  Society  held  its  third  annual  meeting  at  the  Engi- 
neers' Club  March  14,  preceded  by  an  informal  dinner. 
No  papers  were  presented,  but  we  had  as  the  guest  of  the 
evening  Mr.  Joseph  A.  Steinmetz,  president  of  the  Aero 
Club  of  Pennsylvania,  who  gave  us  a  very  interesting 
talk,  informal  in  its  nature,  on  the  "  Boys  Over  There 
and  Over  Here."  He  called  the  attention  of  the  mem- 
bers particularly  to  the  vital  need  of  speeding  up  on  all 
government  work,  and  not  only  to  do  our  bit  but  to  do  our 
best. 

Dr.  M.  \V.  Franklin  also  gave  an  informal  talk  on 
"  Efficiency,"  and  called  to  the  attention  of  the  members 


Georob  Boon,  Secrcury 
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the  necessity  of  backing  up  the  government  in  its  cam- 
paign of  conservation. 

The  annual  election  of  officers  resulted  as  follows: 

Mr.  F..T.  Murphy,  President  Hoard  of  Govcrnort 

Mr.  C.  V.  Hayties.  Vice-President  Dr.  M.  W.  Franklin 

Mr.  A.  P.  Goldsmith,  Secretary  Mr.  J.  D.  Casscll 

Mr.  H.  P.  Gant,  Treasurer  Mr.  \V.  G.  R.  Braenier 

Mr.  George  A.  Eagan,  a  member  of  the  Rotary  Club, 
called  the  attention  of  the  members  to  the  good  that 
would  be  done  by  the  purchase  of  Smileage  Books.  Doc- 
tor Franklin  also  spoke  along  these  lines  and  suggested 
the  purchase  of  Smileage  Books  by  the  members  present. 
It  was  very  gratifying  to  announce  that  out  of  an  attend- 
ance of  twenty-five  the  sum  of  $110  was  raised. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS     .-.      Philadelphia  section 

Nathan  Haywaed,  Chiiraao  H.  Mouradian,  Secretary,  1631  Arch  Street 
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APRIL  MEETING 

Date :  April  8,  1918. 

Speaker:  H.  S.  Warren,  Electrical  Engineer,  American  Telephone  and  Telegraph  Company,  New  York. 
Subject:  Electrification-  ok  Railroads  in  its  Relation  to  Communication  Lines. 


1 
1 
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MARCH  MEETING 

THE  paper  of  the  evening,  "  Progress  in  the  Use  of 
Electricity  on  Roard  Ship  and  in  Shipbuilding," 
was  read  by  Mr.  H.  A.  Hornor,  Consulting  Engi- 
neer, Philadelphia. 

Mr.  Hornor  gave  a  very  interesting  review  of  the 
history  of  shipbuilding  in  the  United  States,  referred 
briefly  to  the  progress  made  in  the  use  of  steam  on  board 


ship,  to  the  possibilities  of  electric  drive  in  connection 
with  the  new  American  merchant  marine,  and  discussed 
somewhat  more  in  detail  the  use  of  electricity  for  auxil- 
iary machinery  on  board  ship.  The  paper  was  profusely 
illustrated  with  lantern  slides. 

There  was  a  lively  discussion  following  the  paper,  par- 
ticipated in  by  Messrs.  Clewell,  Rittenhouse,  Hunter, 
Thaw,  Allen,  Funk,  and  Mouradian. 
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l-   Walton  Porstall,  Chairman 
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THE  next  meeting  of  the  Philadelphia  Section  of 
the  Illuminating  Engineering  Society  will  occur  on 
Friday,  April  19.  The  subject  of  the  meeting  will 
be.  "  Progress  in  Illuminating  Engineering  During  the 
Past  Year."  The  speakers  on  this  subject  will  be  Mr. 
F.  E.  Cady,  of  the  Research  Laboratory  of  the  National 
Electric  Lamp  Works,  Cleveland,  Ohio,  who  will  speak 
on  the  "  Progress  in  Electric  Lighting,''  and  Mr.  R.  F. 
Pierce,  of  the  Wclsbach  Company,  who  will  speak  on  the 
"  Progress  in  Gas  Lighting."  A  synopsis  of  this  paper 
is  as  follows: 

"  A  resume  of  developments  in  the  art  and  science  of 
illumination  as  portrayed  by  articles  in  the  technical  and 
scientific  press.  Among  the  subjects  touched  upon  will 
be  light-sources,  including  gas  and  accessories,  arc  and 
incandescent  electric  lamps;  fixtures,  including  globes, 
reflectors,  and  supports;  developments  and  conditions 
caused  by  the  state  of  war ;  exterior  and  interior  illumina- 
tion ;  photometry,  photography,  and  physics.  The  lecture 
will  be  illustrated  by  lantern  slides;  but,  owing  to  the 
diversity  of  subjects  treated,  it  will  not  be  possible  to 
elaborate  on  individual  topics.  References  will  be  avail- 
able so  that  those  desiring  further  information  on  any 
particular  point  can  ascertain  where  to  look  up  the  original 
statements." 

After  this  Mrs.  Mary  Hallock  Grecmvalt  will  give  a 
short  discussion  on  "  Mobile  Lighting,"  having  as  her  sub- 
ject. "  Can  Different  Intensities  of  Lighting  Lend  Emo- 
tional Significance  Within  an  Amphitheatre  as  Thev  do 
Xaturcr" 


The  March  meeting  of  the  Philadelphia  Section  oc- 
curred on  the  15th  and  was  preceded  by  the  usual  dinner, 
at  which  twenty-six  members  and  guests  were  in  attend- 
ance. Preceding  the  regular  s]>eaker,  the  Chairman  of 
the  Membership  Committee  announced  that  they  had  ob- 
tained thirty  new  members  for  the  Section,  with  the 
prospects  of  at  least  ten  more.  Mr.  Lyon  then  gave  a  talk 
on  "  The  Nomenclature  of  Illuminating  Engineering," 
with  special  reference  to  intensities  distributed  over  the 
surface  of  a  sphere,  and  he  used  as  his  model  a  wooden 
ball  cut  into  zones  to  illustrate  it. 

Mr.  S.  E.  Doane,  who  had  expected  to  deliver  a  paper 
on  "  The  Esthetics  of  Street  Lighting,*'  was  prevented 
from  attending,  and  he  sent  as  his  representative,  Mr.  M. 
Luckiesh.  physicist  of  the  Nela  Research  Laboratories  at 
Cleveland,  who  spoke  on  the  same  subject.  His  talk  was 
profusely  illustrated  by  means  of  lantern  slides,  showing 
uncommendablc  forms  of  street  lighting  and  means  of 
supjvorting  trolley  wires,  etc.  He  showed  street  scenes, 
in  some  American  towns,  where  the  combination  of  poles 
and  wires  was  a  disgrace  and  marred  what  might  other- 
wise be  attractive  streets.  His  discourse  was  a  plea  for 
the  improvement  of  civic  conditions  by  removing  in- 
trusive sign-boards  and  unnecessary  troltcy,  electric 
light,  and  telephone  poles. 

The  meeting  was  attended  by  ninety-eight  persons, 
and.  following  the  speaker,  there  was  considerable  dis- 
cussion, which  was  not  confined  strictly  to  the  subject  of 
street  lighting,  but  extended  to  methods  of  distributing 
overhead  wires. 
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THE  annual  meeting  and  banquet  of  the  Worcester         ,\  business  meeting,  with  election  of  officers,  preceded 
Tech  Club  was  held  at  the  Engineers'  Club,  Thurs-  the  dinner, 
day,  March  7,  1918.  The  following  were  elected  officers   for  the  year 
Dr.  Ira  N.  Hollis,  president  of  the  Institute;  former  1<>18-10: 
Judge  Charles  V.  D.  Jolinc,  of  Camden,  N.  T-.  and  Pro- 
fessor Thomas,  of  the  International  Shipbuilding  Cor-  A  H  Allen.  President  F.recutk*  Commu,,, 
poration.  were  guests  of  the  Club,  and  addressed  the  A.  \V.  Baldwin.  Vice-President      Xorris  W.  Pease 
members.  R.  M.  Barr.  Secretary-Treasurer    F.  C.  Gurky 
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"SOME  OF  MY  OBSERVATIONS  IN  FRANCE"* 

By  MAJOR  W.  A.  GARRETT 

ASSISTANT  GENERAL  MANAGER,  REMINGTON  ARMS  COMPANY 


OHORTI.Y  after  the  visit  to  Washington  of  the  French 
kJ  statesman,  Rene  Viviani,  and  that  wonderful 
French  soldier.  Marshal  Joffre.  our  War  Depart- 
ment decided  to  send  a  commission  to  France  to  study  the 
French  railroads  and  report  on  their  needs  to  take  care 
of  the  American  expeditionary  force  to  be  sent  over  under 
General  Fcrshing.  During  war  times  there  arc  certain 
studies  for  the  government  about  which  nothing  can  be 
said.  However,  the  War  Department  has  no  objection 
to  my  relating  "  Some  of  My  Observations  in  France." 

We  were  commissioned  as  majors  and  wore  the  uni- 
form  from  the  time  wc  left  home  until  we  returned. 
It  was  necessary  for  us  to  do  so.  because  there  were  cer- 
tain places  in  the  war  zone  that  even  our  secretaries  could 
not  visit. 

Our  commission  consisted  of  four  men  William 
Barclay  Parsons,  of  New  York,  the  engineer  who  built 
the  subway,  chairman,  to  give  special  attention  to  rivers 
and  harbors ;  William  J.  Wilgus,  formerly  vice-president 
of  the  New  York  Central,  to  study  maintenance  of  ways 
and  bridges;  Mr.  F.  de  St.  Fhalle,  of  the  Baldwin  Loco- 
motive Works,  was  to  study  locomotives  and  cars,  and 
my  study  was  transportation. 

We  were  able  to  report  in  part  to  the  Department 
in  Washington  that  the  railroads  of  France  were  in  as 
good  average  condition  as  ihe  average  American  railroads 
to-day,  and  they  must  be  kept  in  that  condition,  because 
in  war  time  it  is  just  as  important  to  have  a  first-class 
transportation  machine  as  to  have  a  first-class  fighting 
machine.  We  had  the  word  of  French  officers  that  the 
very  moment  the  French  railroads  or  railroads  of  any 
country  in  war  time  go  down,  just  that  minute  the  country 
having  the  defective  railroads  loses  the  war. 

We  went  to  France  by  way  of  England  and  spent 
four  days  at  the  British  War  <  >ffke.  The  British  have 
a  similar  prohlcm  to  our  own :  that  is.  to  handle  men 
and  material  from  the  west  coast  of  France  to  the 
fighting  line. 

In  England  we  found  the  conditions  one  sees  in  a 


•  Presented  before  the  Engineers'  Clut),  at  Drexel  Institute, 
March  18,  1918. 
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country  that  has  been  at  war.  They  are  trying  to  econo- 
mize and  conserve  in  every  possible  way.  Little  notice 
cards  are  put  on  your  table  for  breakfast,  dinner,  and  sup- 
per, "  Don't  waste  bread;  if  half  a  slice  is  enough,  please 
cut  the  whole  slice.  F.very  one  must  save  bread;  it  is 
a  national  duty.  Will  you  help?"  The  difference  be- 
tween England  and  the  United  States  at  the  present  time 
is  this:  The  situation  is  serious  and  Fngland  knows  that 
to  be  true,  the  L'nited  States  does  not  yet  know  that  to  be 
true.  We  will  know  it  soon.  Lloyd  George  recently  said 
that  the  Allies  must  either  "  go  on  or  go  under,"  which 
to  every  thinking  man  in  this  country  means,  Wake  up, 
America!    Speed  up! 

We  went  to  France  by  way  of  Folkestone  and  Bou- 
logne. We  reached  Folkestone  forty-eight  hours  after 
a  German  aeroplane  had  been  overhead  and  killed  thirty- 
eight  people,  principally  women  and  children.  Aboard 
ship  at  Folkestone  we  were  required  to  put  on  life  pre- 
servers, and  wore  them  from  the  time  we  left  England 
until  we  reached  France.  Our  ship  was  convoyed  by  two 
toqiedo-boat  destroyers  on  each  side. 

We  reached  Boulogne  just  two  weeks  from  the  time 
we  left  America,  and  this  is  the  impression  I  received. 
As  wc  left  America  there  ap|>carcd  everywhere  on  the 
billboards  and  placards  "  Enlist  in  the  Army.  Join  the 
Navy.  Your  country  wants  you."  In  England,  every- 
where billboards-  placards,  on  the  streets,  wagons,  hotels, 
reading:  Economize.  Eat  less  bread.  Conserve."  Two 
in  the  war  drama:  In  France,  no  billboards,  no  placards, 
every  man,  woman,  and  child  working  from  early  morn- 
ing until  late  at  ni^ht,  because  the  Germans  had  been 
in  France,  their  country,  for  over  three  years.  They 
had  seen  their  own  people  killed,  male  and  female  en- 
slaved, females  worse  than  enslaved,  their  houses  looted 
and  destroyed,  their  streams  and  wells  polluted,  and  the 
very  ground  upon  which  they  live  and  from  which  they 
must  get  their  living  shot  up  to  almost  utter  uselessness. 
W  ar  is  just  what  Sherman  said  it  was  Plus. 

After  visiting  American  Ambassador  Sharp,  we  made 
an  engagement  at  the  French  War  Office  to  meet,  the 
next  day,  Albert  Claveille,  the  Minister  of  Railroads  of 
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France.  He  is  a  dictator,  but  it  requires  dictators  to  run 
all  departments  during  war  times. 

After  reaching  France  and  presenting  our  credentials, 
it  did  not  take  us  long  to  get  into  the  real  war  atmosphere. 
The  French  people  are  not  so  much  impressed  with  what 
the  German  Army  has  done  as  what  it  did  not  do,  because 
on  paper  the  Germans  had  the  best  Rambling  chance  to 
win  that  any  country  could  have  after  forty  years  of 
preparation. 

That  wonderful  man,  Marshal  Joffre,  recognizing  the 
importance  of  transportation,  lured  the  Germans  on;  as 
they  came  from  the  west  coast  he  lured  them  back  to  the 
Marnc.  and  then  everything  that  France  had  was  put  into 
service.  Von  Kluck  was  held  up,  the  first  real  stop  the 
German  Army  hail  gotten  since  passing  Liege  and 
I-ouvain.  We  were  told  in  France  that  the  Germans  were 
so  sure  of  getting  into  Paris  that  when  the  battle  of  the 
Marnc  was  fought  they  had  left  their  big  guns  back  in 
Belgium,  and  the  biggest  gun  the  Germans  had  was  a 
three-inch.  Joffre's  handling  of  the  railroads  was  such 
that  the  Germans  could  not  get  down  the  larger  guns 
if  they  had  tried.  At  that  time  the  railroads  of  France 
gave  a  wonderful  account  of  themselves.  The  automo- 
biles and  taxicabs  from  Paris  brought  out  the  soldiers,  and 
the  Fast  line  ran  180  troop  trains  of  fifty  cars  each  a  day. 
The  Paris  Orleans  system  running  to  Bordeaux  took 
down  the  archives  from  the  War  Office  because 
the  State  Department  was  moved  from  Paris  to 
Bordeaux  when  Von  Kluck  was  approaching.  This  rail- 
road brought  north-bound  the  troops  from  the  Spanish 
frontier.  The  Paris,  Lyons  and  Mediterranean  took  the 
wounded  troops  to  the  French  Riviera  and  brought  up  the 
Colonial  troops  from  the  op|>ositc  side  of  the  Mediter- 
ranean. Sixty-five  per  cent  of  the  Nord  road  was  then 
in  the  hands  of  the  Germans,  and  even  to-day  approxi- 
mately 33  per  cent,  of  the  Fst.  road  is  in  the  hands  of 
the  Germans. 

We  went  to  the  west  coast  and  there  studied  port 
conditions  and  saw  our  first  lot  of  German  prisoners.  The 
German  prisoners  in  France  are  |>ertnitted  to  have  a  Ger- 
man officer  in  charge  to  give  them  instructions,  provided 
the  officer  s|>eaks  French.  In  one  camp  the  French  were 
hav  ing  built  fur  the  Americans,  using  German  prisoners 
(a  camp  that  would  hold  8000  men  and  which  has  been 
used  time  and  again  by  our  Ikjvs  after  arriving  at  (wrt), 
these  German  prisoners  were  putting  in  a  water-pipe  line. 
As  wc  approached  the  German  officer  said  something  to 
his  men  and  every  man  dropped  his  pick  or  shovel  by  his 
side,  clapped  hi>  heels  together,  and  the  officer  stood  at 
salute.  Make  no  mistake  ;  the  Germans  are  fighters  from 
their  feet  to  their  heads,  and  we  are  not  asked  to  go  to 
France  for  a  triumphant  march  to  Berlin,  but  to  go  to 
France  to  fight  every  inch  of  the  way,  and  the  way  is 
long  and  the  way  will  be  hard. 

In  Paris  we  stopped  at  the  (Trillion  Hotel,  on  the  Place 
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de  la  Concorde— that  most  beautiful  place  in  Paris.  There 
is  w  here  the  ( ierman  Kmperor  said  they  were  going  to  have 
the  (ierman  troops  take  Christmas  dinner  in  1914,  The 
Place  de  la  Concorde  is  no  place  for  the  Prussian  military 
caste.   They  never  got  there  and  they  never  will  get  there. 

Paris  is  a  changed  town  a  very  much  changed  town. 
One  could  not  order  dinner  after  8:30  o'clock  at  night, 
and  he  must  finish  his  dinner  by  9:  30.  No  taxicabs  on 
the  street  after  9:  30.    Mourning,  mourning  everywhere. 

<  H  er  on  the  west  coast  we  were  able  to  study  the  treat- 
ment of  the  (ierman  prisoners,  (ierman  prisoners  in 
France  get  the  same  treatment  you  would  exj>ect  those 
kindly  French  people  to  give.  German  prisoners  in 
France  are  well  treated. 

The  Pressed  Steel  Car  Company  here  in  America  has 
orders  to  build  a  certain  number  of  steel  freight  cars  for 
the  French  Government.  They  are  built  in  this  country, 
knocked  down,  and  sent  oversea,  and  erected  in  France 
by  the  (ierman  prisoners.  They  were  paying  the  German 
prisoners  four  francs  for  each  day's  work,  with  a  possible 
one  franc  extra  as  a  bonus,  provided  they  did  more  than 
their  day's  work.  We  were  told  that  90  per  cent,  of 
the  German  prisoners  were  making  the  one  franc  extra. 

We  returned  to  Paris  and  went  up  to  the  northeast 
or  the  British  fighting  line.  We  saw  the  wonderful  aggre- 
gation of  British  fighters  from  all  over  the  world — F.ng- 
land,  Ireland,  Scotland,  Wales,  Canada.  Australia.  West 
Indies,  New  Zealand.  Before  getting  to  that  country  it 
was  necessary  for  us  to  go  over  the  land  from  which  the 
Germans  had  been  shoved  back.  Germans  never  retreat : 
they  must  be  shoved  back.  The  ground  from  which  they 
had  been  shoved  back  cannot  be  described.  Joseph  Pcti- 
nell,  the  American  artist,  who  was  in  France  to  sketch, 
said  he  could  not  do  it ;  it  was  too  nerve-racking.  The 
ground  is  princi|>alty  limestone  and  chalk.  As  the  big 
shells  hit  the  ground  they  tear  up  the  bowels  of  the  earth 
and.  mile  after  mile,  there  is  nothing  but  a  quarry -bed  - 
no  trees,  no  grass,  no  dirt— shell  holes  everywhere,  six  to 
eight  feet  deep,  with  scum  water,  oftentimes  of  an  inde- 
scribable color.  In  that  district  one  is  required  to  wear 
the  steel  helmet  and  carry  the  gas  mask ;  the  steel  helmet 
because  the  airplanes  are  constantly  overhead :  constantly 
shooting,  and  the  shrapnel  going  up,  must  come  down: 
hence  steel  helmets  to  avoid  head  injur}' ;  gas  masks  be- 
cause both  sides  are  not  only  throwing  gas  but  shooting 
gas  shells.  And  then  one  sees  hundreds  of  miles  of 
shot-up  trenches  ami  thousands  of  miles  of  barbed- 
wire  fences  ami  entanglements,  and  the  wonderful 
hospitals  in  charge  of  those  splendid  men  and  true,  godly 
women.  And  then  one  sees  the  graveyards,  hundreds 
upon  hundreds,  and  thousands  upon  thousands  of  graves 
everywhere;  white  crosses,  marking  the  Allies,  black 
crosses,  marking  the  Germans. 

Let  me  tell  you  the  difference  between  the  manner 
in  which  the  Germans  have  been  fighting  and  the  manner 
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in  which  wc  propose  to  fight.  The  (Jermaii  Government 
sent  out  postcards  by  the  thousands,  because  hundreds  of 
them  have  been  taken  from  the  German  prisoners,  and  the 
postcard  reads :  "  You  will  take  no  prisoners.  Show  no 
mercy.  Show  no  quarter.  Make  yourself  as  terrible  as 
the  Hun  who  said,  '  Where  our  footsteps  fall  let  no  grass 
grow  for  a  thousand  years.' The  German  soldiers  are 
trying  hard  to  carry  out  the  order,  and  are  doing  the 
job  well.  This  is  what  General  Pershing  has  put  out : 
"  Your  first  duty  is  to  be  soldiers ;  your  second,  and 
scarcely  less  important,  to  help  those  who  are  poor  and 
weak.  You  will  be  courteous  to  all  women.  Abstain 
from  wine  and  liquor.  Re  kind  to  little  children.  You 
will  fear  God  and  honor  your  country  and  win  the  war 
to  liberty.    God  bless  you  and  keep  you." 

Our  commission  did  not  witness  any  German  atroci- 
ties :  that  was  not  our  study.  Hut  there  are  commissions 
in  both  Belgium  and  France,  composed  of  scientists  and 
learned  men,  who  are  taking  the  historical  record,  by 
sworn  statement  and  photographs,  so  that  when  the  time 
conies  over  the  long-table  conference,  with  Germany  on 
one  side  and  the  Allies  on  the  other,  there  will  be  an 
accounting  from  which  there  can  be  absolutely  no  escape 
for  the  Gentians.  Our  government,  recognizing  some 
of  these  conditions  abroad,  printed  a  book  in  January  last, 
giving  some  of  the  historical  records  of  the  German 
atrocities,  and  in  this  book  they  have  shown  forms  taken 
from  a  war  hook.  These  forms  were  printed  in  1906, 
and  all  that  was  necessary  was  for  the  German  officer 
to  insert  the  amount  of  money  he  wants  to  commandeer 
and  the  date,  the  name  of  the  town,  and  other  data. 
In  this  book,  too,  there  is  something  that  the  labor  leaders 
in  this  country  should  read,  because  there  is  a  petition 
from  the  Comite  National  in  Belgium  to  the  late  Governor, 
General  Baron  von  Bissing.  who  was  in  charge  of  Bel- 
gium— an  appeal  not  to  deport  their  workingmen  into 
slavery  back  into  Germany.  Everywhere  you  will  find 
the  evidence  in  Belgium  and  France,  of  German  atrocities, 
and  it  the  American  people  could  only  visualize  the  in- 
vasion of  Belgium  and  the  desecration  of  France  and  the 
assaults  upon  the  daughters  and  the  wives,  the  mothers 
and  the  grandmothers  of  our  Allies,  there  would  be  no 
need  in  this  country  for  a  Liberty  loan,  because  there 
would  be  a  voluntary  gift  by  our  people  to  crush  out 
German  militarism  and  make  the  world  a  safe  place 
in  which  to  live. 

We  were  asked  to  go  to  the  British  headquarters  at 
Montreax.  We  did  not  meet  Sir  Douglas  Haig.  He  had 
gone  over  to  Ypres  a  few  days  before. 

We  were  asked  to  study  the  mobilization  of  troops 
under  a  drive.  General  Nash,  who  had  succeeded  Sir 
Eric  Gcddcs,  is  now  commander  of  the  British  transpor- 
tation in  France.  Here  we  saw  train  after  train  of 
good,  clean  men  about  six  miles  back  from  the  firing 
line  to-day  going  North,  happy  and  smiling,  and  to- 
morrow coining  back  in  the  ambulance  trains,  and  many 

ENGINEERS'  CLUB 


of  them  never  coming  back  !  The  British  and  French  arc 
at  all  times  trying  to  get  their  men  and  material  as  near 
the  fighting  line  as  possible  on  the  standard-gauge  steam 
railroad.  We  were  asked  to  go  to  Yimy  Ridge  to  sec 
the  transportation  program  they  had,  but  the  Germans 
found  what  the  British  had  built  before  we  reached  Yimy 
and  the  Germans  had  been  shooting  it  up  with  big  shells. 
It  has  never  been  my  privilege  to  be  in  a  country  where 
big  shells  were  coming  toward  me.  Altho  I  have 
stood  on  ground  and  at  sea  alongside  of  big  guns  being 
fired,  there  is  a  difference  Wtwcen  shells  coming  toward 
you  and  shells  going  away  from  you — quite  a  difference. 

About  sixteen  or  eighteen  miles  north  of  Yimy  Ridge 
is  Lens,  the  great  coal  district  of  France.  The  Germans 
have  taken  the  entire  northeast  district  of  France — the 
Pittsburgh  district  of  France— the  coal  mines,  steel  plants, 
and  iron  foundries.  The  British  have  been  trying  to 
get  back  Lens  for  some  little  time,  because  the  Allies 
are  short  of  coal.  We  are  impressed  when  we  read  in  the 
papers  that  the  Germans  have  been  shoved  back  200  or 
400  yards,  but  it  is  just  150  miles  from  Lens  to  the 
German  frontier. 

We  went  to  Arras  and  went  cast  from  there  on  the 
60-ccntiiiKtre  military  track  to  see  the  big  13-inch  guns 
being  fired  under  airplane  instructions.  After  having 
fired  the  sixth  shot  they  said  they  had  hit  the  bull's-eye. 
I  asked  what  it  was,  and  was  told  that  they  were  shooting 
up  a  railroad  junction  nine  miles  ahead. 

Ex-President  Taft  had  this  to  say  recently  in  the 
Philadelphia  papers  when  trying  to  impress  the  American 
people  with  the  fact  that  we  are  at  war:  "  Wc  should  fur- 
nish facts  and  not  figures  of  s]>eech.  We  should  make 
arguments  and  not  declamations.  The  vital  imjwrtancc 
of  winning  the  war  grows  stronger  with  us  as  the  diffi- 
culties impress  themselves  more  seriously  upon  us.  but 
it  is  time  we  should  feel  in  our  hearts  what  confronts  us." 

Now  let  me  give  you  a  study-picture,  no  declamation. 
The  British  are  protecting  in  the  northeastern  part  of 
Frame  approximately  125  miles  of  fighting  front  from 
Belgium  into  France,  and  the  average  distance  between  the 
British  Channel  ami  the  British  fighting  line  is  approxi- 
mately fifty  miles.  Where  we.  the  American  troops, 
fight,  because  of  port  conditions,  military  conditions,  and 
other  conditions,  it  is  over  400  miles  from  the  coast  to 
the  fighting  line.  Anyone  can  understand  that  to  handle 
men  and  material  400  miles  you  must  provide  approxi- 
mately eight  times  the  transportation  machinery  that  you 
would  on  a  fifty-mile  haul.  Now  what  have  the  British? 
They  have  750  British  locomotives  in  France ;  49,500 
British  freight  cars  in  France ;  98,620-odd  transportation 
men  for  a  fifty-mile  haul,  and  tit  have  a  400-mile  haul. 
The  British  also  have  on  this  fifty-mile  fighting  front 
over  200,000  laborers  of  twelve  nationalities  to  unload 
ships,  work  upon  the  railroads,  highways,  canals,  stipply 
stations,  and  railway  yards.  In  o'lier  words.  200,000 
laborers  and  100,000  transportation  men  for  a  fifty-mile 

OF     PHILADELPHIA  219 


Digitized  by  Google 


ENGINEERS'  CLUB 


OP  PHILADELPHIA 


performance,  and  tee  have  a  400-mile  performance.   The  Fleury.    The  call  was  so  urgent  that  they  left  the  pas- 
American  people  have  absolutely  no  thought  of  what  sengers  and  freight  standing  out  in  the  country;  the 
they  are  up  against.   When  the  second  l.ihcrty  loan  came  engines  were  run  to  the  end  of  the  narrow-gauge  line, 
out  Secretary  McAdoo  announced  that  nine  and  a  quarter  loaded  on  flat  cars,  and  the  engine,  with  steam  up,  taken 
million  people  had  subscribed.    Less  than  ten  per  cent,  to  the  point  that  they  wanted  to  unload.    Then  they  had 
of  our  people  thought  sufficient  of  the  war  to  lend  our  a  pike  of  not  sufficient  width  for  two  automobiles  to  pass, 
government  money.    When  they  get  the  third,  fourth,  and  they  decided  to  make  that  a  double  pike.  North- 
fifth,  sixth,  seventh,  eighth,  ninth,  and  tenth  loans,  more  bound  automobiles  going  to  Verdun  with  men  and  material 
of  our  people  will  loan  the  government  money,  because  had  the  right  of  way.    Southbound  had  orders  to  run  to 
if  Germany  ever  gets  a  toe-hold  here  it  will  not  be  a  Station  "A,"  wait  for  two  northbound ;  to  Station  "  B," 
Liberty  loan,  but  a  German  grab,  as  they  made  in  Belgium,  wait  for  four  northl>ouiiil :  to  Station  "  C."  wait  for  three 
as  they  did  in  France,  and  as  they  are  doing  ti>-day  in  northbound.    They  were  to  maintain  a  speed  of  twenty- 
Russia.    "Oh,"  people  say,  "yes,  we  knew  we  were  at  five  kilometres  an  hour,  and  if  they  could  not  maintain 
war  when  Director  Garfield  said  something  about  coal,  that  speed,  to  run  their  automobiles  off  the  pike  and  clear 
Yes,  we  knew  that  we  were  at  war  when  a  transport  went  the  line ;  and  that  is  the  way  they  defended  Verdun,  a 
down  off  the  northeast  coast  of  Ireland  and  we  tost  more  town  of  11.000  houses,  into  which  the  Germans  day  after 
than  200  of  our  boys."  W  e  will  know,  however,  that  we  day  put  in  000  shells  each  day.  one  every  two  minutes, 
are  at  war  when  we  see  cripples,  cripples — everywhere,  You  can  image  what  there  is  left  at  Verdun.    There  are 
and  when  our  hospitals  are  absolutely  full  to  overflowing,  three  forts  at  Verdun    Souville,  Douimou,  Voux.  We 
as  they  will  be  I/icii-hc  will  appreciate  we  are  at  war —  crawled  over  the  front  of  Souville  Fort  and  looked  across 
and  when  your  boys  don't  come  home,  then  you  will  the  valley  where  the  Crown  Prince  of  Germany  lost  over 
know  that  we  are  at  war.  500,000  men  trying  to  take  Verdun. 

General  Gorgas  said  at  Withcrspoon  Hall  the  other         In  each  German  regiment  they  have  what  they  call 

night  that  if  we  have  a  million  fighting  men  in  France  a  "  hellish  squad."    The  duty  of  the  "  hellish  squad  "  is 

he  would  want  250.000  cots  in  France,  and  if  we  had  a  to  poison  wells  and  to  connect  with  electric  batteries  every 

million  fighting  men,  100,000  of  those  men  will  come  back  movable  thing.    Thus:  Lift  a  chair  and  bombardment; 

here  every  year,  never  able  to  fight  again.    He  said  open  a  door  and  bombardment,  and  generally  people  killed, 

nothing  about  the  boys  who  will  forever  stay  over  there!  The  "hellish  squad  "  also  is  doing  its  work  well. 

When  in  France  we  were  asked  to  go  to  French  head-         When  war  was  declared  in  this  country  in  April  last 

quarters.    General  I'etain  wanted  to  talk  to  the  people  all  the  railroads  in  this  country  decided  to  put  the  manage- 

from   America  about   transportation.    When    Marshal  ment  of  the  railroads  in  the  hands  of  six  railroad  presi- 

Joffre  was  relieved,  at  his  own  request,  he  was  succeeded  dents  to  be  located  at  Washington.    That  was  continued 

by  General  Xevicllc,  and  the  latter  was  succeeded  by  until  December  28,  when  the  President  very  wisely  created 

General  Pctain,  who  won  his  spurs  in  the  defense  of  the  position  of  Director  General  of  Railroads.   The  peo- 

Vcrdun.    We  were  asked  to  take  luncheon  at  General  p|c  Gf  the  U  nited  States  will  regret  the  day  if  we  ever 

Petain's  headquarters.    Wc  had  a  wonderful  lunch.    We  have  government  ownership  of  railroads,  but  during  the 

had  soup— French  soup — and  fish  fixed  French  style,  period  of  the  war  government  management  is  necessary, 

potatoes  and  peas  and  some  goat  cheese,  coffee,  large  because  the  railroads  need  money  now  for  engines,  cars, 

strawberries,  and  native  wine,  but  General  Petain  had  and  additional  facilities,  and  money  can  be  provided  by 

no  butter;  he  had  no  sugar;  he  had  no  milk.    General  the  government  better  than  by  private  management;  and 

Pctain  told  us  about  Verdun.    He  was  at  Verdun  when  then  the  people  of  the  United  States  will  stand  for  less 

the  Crown  Prince  made  the  attack,  one  of  the  greatest  passenger  train  service  and  ride  standing  up  with  better 

attacks  the  world  has  ever  known,  because  Fmperor  grace  in  passenger  trains  under  government  management 

William  wanted  to  have  the  Crown  Prince  do  something  than  under  private  management. 

worth  while.  General  I'etain  decided  to  hold  Verdun,  When  war  was  declared  in  England  all  the  railroads 
and  he  issued  the  famous  order,  "  They  shall  not  pass  -    were  put  into  the  hands  of  Sir  Guy  Gannett,  and  passen- 

Petain,"  which  is  still  painted  on  the  fort  at  Verdun.  ger  rates  were  raised  50  per  cent,  and  that  automatically 

General  Petain  said  as  soon  as  it  was  decided  to  hold  took  off  40  per  cent,  of  the  passenger  train  service.  They 
Verdun  they  decided  to  do  three  things :  First,  to  build  also  raised  the  freight  rates  50  per  cent.,  so  that  to-day  in 
a  thirty-six-milc  double-track  railway  from  Fleury  to  England  the  freight  rates  and  |*isscngcr  rates  are  50  per 
Douney,  and  it  took  60,000  men  three  months  to  build  it:  cent,  more  than  what  they  were  in  1914,  the  government 
had  they  been  ten  days  longer  they  might  have  lost  Ver-  guaranteeing  the  same  net  earnings  every  year  during 
dun.  Then  they  had  a  narrow  line  of  three  feet  gauge,  the  war  that  the  railroads  had  in  1913,  which  was  the 
and  they  decided  to  make  that  a  double  track.  He  tele-  "  peak "  net  earning  year  of  the  British  railway 
phoned  to  Albert  Clavcillc  for  engines,  and  that  afternoon  lines.  In  France  they  did  not  raise  the  freight  or  pas- 
locomotives    and    narrow-gauge    cars    started    toward    senger  rates,  but  during  the  last  few  days  the  papers 
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have  announced  that  the  passenger  fares  in  France 
will  be  increased  25  per  cent.  However,  Albert  Cla- 
veille  took  off  60  per  cent,  of  the  passenger  trains 
immediately.  In  Paris  we  met  two  Americans  at 
the  American  express  office  and  they  said :  "  We  are 
glad  to  see  American  officers  here.  We  understand  there 
is  a  commission  at  the  Crillion  Hotel  which  has  come  here 
to  tell  the  French  people  how  to  run  their  railroads."  I 
said,  "  What  is  the  matter  with  the  French  railroads  ?  " 
They  said:  "  They  are  rotten.  We  stood  up  from  Brest 
to  Paris  the  other  night."  We  told  that  to  Claveille  that 
afternoon,  and  he  said,  "  Oh,  yes.  we  only  took  off  60 
per  cent,  of  our  passenger  train  service ;  we  should  have 
taken  off  75  or  80  per  cent.  These  are  war  times,  and 
we  will  have  to  win  or  lose  the  war  with  these  railroads." 
Get  this  thought  in  your  mind :  Kvery  soldier  in  Furope 
to-day  rides  in  box  cars  and  on  Hat  cars,  and  if  there  is 
any  complaint  about  our  passenger  car  service  in  this 
country,  keep  that  fact  in  mind.  Our  boys  are  not  only 
willing  to  ride  in  box  cars  and  flat  cars,  but  also  willing 
to  lose  their  lives  for  their  country.  It  is  very  easy  to 
die  on  the  field  of  battle,  but  these  boys  are  also  willing 
to  be  cripples,  and  possibly  suffer  every  minute  of  their 
waking  hours,  to  help  win  our  war.  And  these  railroads 
in  our  country  between  Buffalo  and  the  Pittsburgh  zone  on 
the  west  and  the  Atlantic  Ocean  on  the  east  are  war  rail- 
roads, and  we  have  the  same  conditions  to  meet  as  they 
have  in  France,  where  to-day  the  only  people  riding  in  pas- 
senger trains  arc  those  on  errands  of  mercy  and  on 
war  business. 

The  food  situation  in  certain  parts  of  France  is  very 
critical.  There  are  few  people  in  this  country  who  under- 
stand what  that  splendid  man  Hoover  is  trying  to  work 
out.  Hoover  is  not  trying  to  save  you  the  cost  of  living 
expenses,  but  to  conserve  the  food  to  prevent  starvation 
in  Europe  and  here.  Our  boys  are  over  in  Europe  right 
now.  We  should  always  think  of  them  in  trying  to  con- 
serve food  here  to  help  us  win  the  war. 

The  French  people  are  very  tired.  They  have  fought 
the  war  for  over  three  years.  They  have  lost  over 
1,300,000  men  killed,  and  you  cannot  tell  how  many  men 
crippled — crippled — crippled ! 

All  that  France  can  give  our  people  to-day  is  three 
things — air,  water,  and  standing  timber.  Claveille  said: 
"  Don't  send  any  bridge  timber,  dock  timber,  or  railroad 
ties.  Send  your  foresters  over  to  cut  our  standing  tim- 
ber." When  the  transport  went  down  off  the  northeast 
coast  of  Ireland  recently,  the  papers  announced  that  some 
who  were  lost  belonged  to  the  forester  regiment. 

The  coal  shortage  is  a  serious  thing  in  France.  When 
we  left  Paris  coal  was  selling  for  $45  per  ton,  and  you 
could  not  get  the  full  half  ton  that  Doctor  Garfield  gave 
you  last  year. 

It  had  never  been  my  good  fortune  to  meet  General 
Pershing  until  I  was  in  France.    He  endeared  himself 
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to  the  French  people  because  he  went  to  the  tomb  of 
Lafayette  and  said.  "Lafayette,  we  are  here!"  Four 
words,  and  then  the  French  people  knew  that  the  Ameri- 
can commander  was  a  man  of  action  and  not  of  words. 
After  the  several  conferences  I  had  with  General  Persh- 
ing. I  believe  General  Pershing  is  absolutely  the  right  man 
in  the  right  place  and  will  give  a  splendid  account  of  him- 
self and  our  boys  "  Over  There  "  at  the  right  time. 

We  came  home  on  the  steamer  Espagne,  and  on  board 
the  ship  were  the  remnants  of  two  crews  which  had  lost 
their  ship  by  a  German  submarine.  The  submarine  is  a 
real  menace,  make  no  mistake. 

Our  ship  program  is  a  very  serious  one ;  in  fact,  tht 
situation  during  the  war.  To  feed  an  army  of  a  half 
million  men  and  the  horses  for  a  half  million  men  and 
the  guns  for  a  half  million  men  requires  three  ships  a 
day— one  every  eight  hours.  For  a  million  men,  a  ship 
every  four  hours.  For  four  million  men— and  we  will 
have  four  million  fighters  in  France  before  we  are  thru — 
one  ship  ever)'  hour  from  the  United  States  to  France, 
and  every  ship  must  run  the  blockade  to  get  there.  A 
trail  of  smoke  between  the  United  States  and  France. 
First  we  must  get  our  army  over,  and  this  will  require 
ships,  and  then  we  must  send  supplies  to  feed  them.  Then 
we  must  have  more  ships  to  take  our  locomotives.  The 
British  have  750  locomotives  on  French  rails  for  a  fifty- 
mile  haul,  and  we  have  a  400-mile  haul.  Then  we  must 
have  ships  to  handle  our  freight  cars  (the  British  have 
49,500  for  a  fifty-mile  haul,  and  we  have  a  400-mile  haul). 
Then  we  must  have  ships  for  our  rails,  our  machinery, 
and  then  we  must  have  ships  for  the  foodstuffs  and 
ammunition  for  our  Allies. 

One  is  very  much  impressed  in  France  with  the  mili- 
tary thoroness  of  the  Germans.  Before  they  are  shoved 
hack  they  loot  and  destroy  absolutely  everything.  I  saw 
a  ninety-foot  bridge  in  which  they  had  put  six  dynamite 
charges.  One  would  have  done  the  trick.  If  they  can- 
not take  the  rails  back  into  their  country,  they  put  dyna- 
mite charges  in  the  rail  joints  and  rip  the  rail  from  end 
to  end.  If  they  cannot  get  the  ties  back  into  their  country, 
they  are  piled  and  burned. 

Until  we  reached  I'eionne,  to-day  in  the  hands  of  the 
British,  I  was  of  the  opinion  that  the  destruction  of  trees 
was  a  military  necessity.  At  Peronne  I  was  satisfied  that 
was  not  true.  The  station  is  about  half  a  mile  from  the 
town,  at  the  foot  of  a  hill.  Between  the  town  and  the 
Nord  Station  there  was  a  magnificent  boulevard  with 
a  bridge  crossing  the  Somme.  and  on  cither  side  of  the 
boulevard  trees  fifty  or  sixty  years  of  age.  The  Germans 
had  deliberately  cut  each  tree  three-quarters  thru  with 
an  axe ;  every  tree  standing  and  every  tree  dead.  I  am 
now  satisfied  that  destruction  of  trees  is  not  always  a 
military  necessity. 

We  are  getting  many  sidelights  from  Secretary  Lan- 
sing showing  what  the  Germans  were  doing  to  us  prior  to 
the  war  and  since  the  war.   They  told  us  in  France  that 
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regiment  after  regiment  of  Russians  was  compelled  to 
fight  with  sticks  and  stones  and  crowbars,  and  Von  Hin- 
denburg  mowed  them  down  with  machine  guns  by  the 
thousands.  Then  Russia  supplied  an  army  with  good  guns 
and  was  on  its  way  to  Vienna  am)  would  have  gotten 
there  in  six  weeks'  time.  Then  came  that  abominable 
situation  in  Petrograd,  cutting  off  the  ammunition,  then 
the  foodstuff,  and  two  million  of  them  left  the  trenches 
and  returned  home.   Prussian  military  thoroness! 

We  were  told  at  French  headquarters  that,  prior  to 
the  war,  Germany  had  a  population  of  65,000,000  |>eople. 
but  now  "  we  absolutely  know  that  the  German  census 
had  been  faked  for  years,  and  that  the  population  of 
Germany  was  100,000,000  people."  Prussian  military 
thoroness! 

Get  this  thought :  Germany  is  a  manufacturing  country 
while  France  is  an  agricultural  country  per  sc.  When 
war  was  declared  there  were  55,000  French  freight  cars 
in  Germany;  only  17,000  German  freight  cars  in  France. 
Germany  was  38,000  freight  cars  ahead.  Prussian  mili- 
tary thoroness! 

At  one  of  the  French  west  ports  filled  to  overflowing 
with  wagons,  automobiles,  and  aeroplanes,  built  by  the 
French  people  for  Russia,  we  were  told  that  some  of  these 
wagons  came  down  thru  the  back  way,  around  Arch- 
angel, and  were  captured  by  the  Germans  ninety  days 
after  they  left  the  west  coast  port  of  France— Prussian 
military  thoroness! 

In  France  you  will  find  everywhere  in  public  places 
this  sign,  in  French,  reading :  "  Keep  quiet.  Don't  talk. 
The  enemy  is  listening  too."  A  very  wise  precaution  there 
and  a  very  wise  precaution  here. 

Wc  have  some  very  well-posted,  brainy  captains  of 
industry  in  this  country,  who  think  America  is  in  real 
danger  at  this  time,  but,  we  should  not  permit  camou- 
flaged Bolshevik,  I.  W.  W.  ism,  or  any  other  ism.  to  inter- 
fere with  our  war  program.  There  is  only  one  of  two 
positions  for  every  man  and  woman  in  this  country — 
cither  with  us  or  against  us. 

"  Results  "  is  the  only  language  we  can  understand 
during  these  war  times.  Yes,  we  will  make  mistakes. 
Any  man,  any  company,  or  any  country  which  "  does 
things"  makes  mistakes,  but,  thank  God!  the  I'.ritish 
fleet  and  Admiral  Sims  and  our  boy  s  are  holding  back 
the  German  fleet,  and.  thank  God.  that  western  line 
will  never  be  broken  by  the  Germans !  It  might  be  bent, 
but  it  will  never  be  broken. 

The  women  in  France  and  Fngland  are  doing  wonder- 
ful things.  They  have  rcs|>onded  nobly.  I  had  never 
seen  such  manual  work  performed  by  women  as  was  being 
done  in  France.  We  saw  women  doing  manual  work 
and  such  labor  as  w  omen  should  never  lie  called  upon  to 
do.  I  have  never  seen  women  trucking  freight  in  freight- 
houses.  There  is  no  such  thing  as  a  freight-house  man 
or  a  baggage  man  in  France.    They  are  all  women.  Over 
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46,000  women  arc  working  on  the  French  railroads.  In 
England  they  have  what  is  called  the  "  British  Women's 
Army  Auxiliary  Corps,"  and  they  are  getting  approxi- 
mately 50,000  women  to  be  sent  to  France  to  act  as  clerks, 
cooks,  and  chauffeurs.  The  American  women— God  bless 
them !— they  will  do  the  right  thing  when  they  know  the 
job  before  them,  and  the  job  is  there. 

Since  relating  "  Some  of  My  Observations  in  France," 
I  am  charged  with  being  a  jvessimist.  I  always  thought 
I  was  an  optimist.  I  know  that  I  was  an  optimist  In-fore 
the  war.  My  idea  of  a  wartime  optimist,  however,  is 
a  man  who  states  the  facts  as  he  knows  them,  and,  if  the 
picture  is  bad,  tries  to  inject  "  Americanitis  "  into  every 
man  and  woman  to  help  change  the  picture.  Stating 
facts,  to  my  mind,  is  not  pessimism.  The  American  people 
never  have  failed  to  do  the  right  thing  when  they  knew  the 
job  ahead  of  them.  But  one  way  to  lose  is  to  underrate 
your  enemy.  My  father  was  a  birthright  Quaker,  but, 
having  seen  France,  I  am  absolutely  certain  that  we  should 
have  in  this  country  universal  military  training. 

Will  we  win  the  war?  Yes!  Just  as  sure  as  the  sun 
rises  in  the  cast,  because  we  must.  How  long  will  the 
war  last  ?  Until  w  e  win.  Our  government,  however,  has 
very  wisely  mapped  out  a  program  for  a  long-time  war. 
But  consider  the  bigness  of  the  war.  Money  by  the  bil- 
lions, men  by  the  millions,  ships,  aeroplanes,  and  cars  by 
the  thousands.  Our  war  program  is  the  biggest  trans]X>r- 
tation  program  that  the  world  has  ever  known.  Our 
Director-General,  William  Wallace  Atterbury,  vice-presi- 
dent of  the  Pennsylvania  Railroad,  must  have  the  biggest 
supply  yard  the  world  has  ever  known  in  France,  and  he 
must  have  it  because  he  is  3200  miles  away  from  home. 
The  biggest  railway  supply  yard  I  have  ever  seen  is  the 
British  one  in  France,  but  they  are  only  a  thirlv-two-mile 
water  trip  across  the  Knglish  Channel  whereas  we  have 
3200  miles  of  water  to  cross. 

In  conclusion,  after  traveling  approximately  4000 
miles  over  French  railroads,  1000  miles  in  automobiles  in 
the  war  zone,  visiting  the  British  headquarters  at  Mon- 
treax,  French  headquarters  at  Compiegne.  east  of  Arras, 
among  the  thirteen-inch  guns  firing  under  aeroplane  direc- 
tions, at  Yimy  Ridge  under  bombardment,  in  the  Cham- 
pagne District,  among  the  camouflaged  French  guns,  and 
at  Souville  Fort,  Verdun,  watching  the  bombardment  from 
the  fort  para|>et  and  witnessing  sights  which  can  never 
be  blotted  from  one's  memory,  this  is  my  message  to  those 
who  stay  at  home:  Economize.  Don't  waste.  Be  an 
American  first,  last,  and  all  the  time.  I-et  your  criticism 
of  our  war  program  be  constructive  and  not  i/rstructive ; 
stand  behind  the  government  and  ask  yourself  each  day, 
"What  am  1  doing  to  help  win  this  war?"  And  for 
those  good  men  and  true  women  who  go  abroad  to  win 
our  war,  Good  luck  and  God  bless  them! 
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ALMOST  every  one  who  has  written  on  this  sub- 
ject has  begun  by  saying  "  Never  since  the  very 
dawn  of  history."  And  really  this  war  lias  been 
exceptional  and  startling  in  so  many  ways  that  this  is  not 
a  bad  way  to  begin.  It  is  appropriate  for  most  purposes. 
I  shall  begin  with  exactly  the  opposite  wording  of  the 
same  phrase:  liver  since  the  beginning  of  history  the 
movements  of  troops  and  the  winning  of  victories  have 
been  in  very  large  measure  controlled  by  the  topography 
of  the  country  over  which  the  wars  were  fought. 

Carry  yourselves  back  in  imagination  into  the  past  a 
length  of  time  that  is  not  very  great  from  the  point  of  view 
of  the  geologist,  but  which  is  very  great  indeed  from  the 
point  of  view  of  the  normal  human  being — a  matter  of 
some  tens  of  millions  of  years.  At  that  time,  in  northern 
France,  where  to-day  there  is  a  broad,  open  country,  richly 


gradually  by  the  rivers  that  flowed  over  them.  The  hardest 
rock  can  be  worn  away.  Give  time  to  the  patient  frost  and 
running  water  gradually  to  destroy  it,  turn  it  to  dust,  move 
it  away  to  the  foot  of  the  mountain,  carry  it  as  mud  within 
the  rivers,  lay  it  down  again  on  the  flooded  plains,  pick 
it  up  again  until  it  finds  its  ultimate  resting-place  some- 
where oitf  in  the  sea ;  the  hardest  rock  can  be  worn  down, 
the  highest  mountain  can  be  leveled.  And  if  one  could 
watch  those  mountains  thru  countless  generations  of 
human  lives,  one  would  see  the  rivers  cut  deeper  and 
deeper,  the  mountains  wear  to  hills,  the  hills  to  low,  roll- 
ing country.  And  so  the  highest  mountain  that  stood  in 
France  at  that  time  came,  in  the  course  of  time,  to  be 
worn  down  to  something  like  a  plain.  Then,  watching 
still,  you  would  have  seen  that  plain  subside  gradually 
beneath  the  sea.    Such  movements  of  the  earth's  crust 


THE  BROAD,  PI.AT  FLOOR  OF  THE  MIDDLE  RHINE  VALLEY,  AS  SEES'  FROM  THE.FOOTH1LLS  OF  THE  BLACK  FOREST 

MOUNTAINS 

fertile,  there  stood  a  mighty  mass  of  mountains  beside  are  going  on  all  the  time,  but  too  slowly  for  our  human 
which  the  Alps  were  at  least  no  rival,  and  that  mass  of  lives  to  span  them.  They  go  on  too  slowly  for  the  oldest 
mountains,  if  given  plenty  of  time,  would  l>c  worn  down     legends  that  we  reach  to  bring  us  any  knowledge  of  the 

.  Presented  before  the  Engineers'  Club,  at  Witherspoon  Hall.  time  when  thcrc  wcre  Continents  where  the  sea  now  flows. 
February  IS,  1918.  There  came  such  a  time  in  northern  France,  and 
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the  sea  rolled  in  over  the  laud,  and  in  that  sea  there  lived 
countless  numbers  of  shells  and  animals  with  no  earthly 
idea  of  what  was  to  take  place  on  the  soil  of  France 
later  on.  They  lived  their  lives  and  died  their  deaths  and 
left  their  little  palaces  to  accumulate  until  layer  after 
layer  had  formed  great  beds  of  limestone.  Rivers  from 
the  land  still  left  standing  brought  down  countless  par- 


Ccvrngbt.  VwWrwoot!  X  I  Mbriowj  Srw  fork 

THE  ROLLING  HILLS  OP  THE  LIMESTONE  UPLAND.  THE  VIEW 
LOOKS  NORTHWARD  TOWARD  HAU<  OURT—  A  PART  OP  MALAN- 
i'OCRT  VILLAGE.  IN  THE  DRAWING  ON  PAGE  1J2  THIS  SCENE 
EMBRACES  A  LITTLE  DEPRESSION  WEST  OP  HILL  104.  AND  IX 
THE  DISTANCE  THE  HILL  BEHIND  M ALANCOL'RT 

titles  of  mud  and  spread  them  out  in  great  sheets  upon  the 
sea  bottom.  So,  where  the  tops  of  mountains  had  tow- 
ered in  the  first  stage  of  this  story  were  now  vast,  smooth 
sheets  of  sediment,  sands,  clays  and  limestone,  beneath 
the  sea. 

Then  imagine  an  uplift,  and  that  that  region  became 
lilted  up  aJwvc  the  sea,  and  not  only  Lifted,  but  bent, 
for  the  mighty  forces  of  the  earth  can  bend  rocks  quite 
readily.  In  this  case  the  rocks  were  bent  gently  upward 
on  edge,  so  that  they  were  folded  into  a  kind  of  bowl. 
Imagine  that  these  sheeted  strata  in  northern  France  now 
formed  a  great  saucer  whose  edges  turned  up  in  every 
direction.  Then  let  the  rivers  again  attack  that  region 
and  begin  to  wear  it  down.  Wherever  there  was  a  bed 
of  hard  rock,  that  bed  tilting  up  out  of  the  earth  would 
give  a  steep  cliff  along  its  upturned  edge.  The  rear 
side,  which  was  on  the  flat,  sloping  face  of  the  stratum, 
would  be  a  very  gently  sloping  smooth  plane  surface 
down  which  the  waters  ran. 

The  diagram  Fig.  2  can  be  imagined  to  picture  a 
r-lice  cut  out  by  the  earth's  crust.  On  its  cut  edges  can 
be  seen  the  warped  and  bent  beds  resting  on  the  folded 
crystalline  rocks  that  had  once  been  the  great  mountains. 
Where  hard  beds  come  out  of  the  earth  cliffs  develop, 
cut  into  by  many  streams:  and  where  soft  rocks  are  be- 
tween two  hard  layers  a  broad,  flat  lowland  will  develop. 
So  in  a  kind  of  circle  around  the  northern  part  of  France 
there  developed  a  series  of  cliffs.  Since  all  the  rocks 
are  plunging  down  toward  the  west  in  that  part  of  France, 
the  cliffs  developed  with  their  steep  scarp  facing  toward 
the  east,  with  a  gentle  slope  down  along  the  back  of  the 


stratum  of  rock.  That  was  fortunate,  because  an  enemy 
moving  against  France  from  the  east  would  have  to  stop 
at  each  one  of  these  cliffs  and  face  the  defender  on  the 
ridge.  The  enemy  must  pass  across  that  open  plain,  and 
when  the  light  was  won  the  defender  could  merely  retire 
to  the  next  ridge,  which  was  like  a  natural  fort,  and  from 
the  top  pour  a  torrent  of  steel  toward  the  enemy.  If 
the  enemy  still  struck,  the  whole  story  was  repeated  at 
the  next  cliff.  These  ridges  constituted  the  natural 
defense  of  Paris,  for  Paris  lies  at  the  center  of 
these  cliffs. 

Xor  was  that  the  only  defense  of  Paris.  When  this 
warping  occurred  that  bent  the  soft  rocks  into  a  basin 
it  was  natural  that  the  hard  rocks  lying  underneath 
should  be  bent.  On  the  other  side  of  the  basin  these 
crystalline  rocks  were  warped  upward  into  an  arch,  but 
here  a  curious  thing  happened.  Two  long  slits  or  breaks 
developed  in  the  crest  of  that  great  arch,  and  the  center 
block,  like  a  keystone,  sank  into  the  earth.  The  slide 
was  but  a  few  thousand  feet,  and  on  cither  side  stood 
a  similar  ridge  of  hard  crystalline  rock,  facing  outward 
upon  the  valley  of  the  down-dropped  block.  On  that 
flat  floor  of  this  valley  winds  the  River  Rhine,  together 
with  many  other  little  rivers  that  traverse  it,  and  on  either 
side  these  tremendous  cliffs  of  rugged  steep  rocks  have 
been  developed.  The  back  slo[>e  from  the  western  cliff 
toward  France  is  very  gentle,  it  having  !>cen  ait  by  the 
rivers  into  a  rough  rolling  topography  which  forms  one 
of  the  great  defenses  of  France.  An  enemy  attacking 
Paris  by  way  of  the  Rhine  must  fight  his  way  up  a  cliff 
a  thousand  feet  high— altho  not  a  thousand  feet  sheer, 
for  the  rivers  have  succeeded  in  making  it  much  more 
gentle  than  it  formerly  was.  Toward  the  north  this  cliff 
dies  down  very  much  and  lifts  up  again,  so  that  a  com- 
paratively low  country  leads  from  the  Rhine  Valley 
into  Lorraine,  sometimes  called  the  Lorraine  Gateway. 
Railroads,  roads  and  canals  lead  thru  it  to  Lorraine. 
Farther  north  that  gateway  is  stopped  by  a  higher  ridge. 

Xot  only  was  there  warping  up  in  one  direction,  but 
northeast  of  the  Paris  Rasin  the  lifting  up  of  the  strata 
into  another  arch  permitted  the  rivers  to  wear  away  the 
soft  rocks  that  lay  on  top  of  the  hard  ones,  leaving  the 
hard  rocks  standing  out.  The  rivers  that  have  rushed 
across  these  rocks  have  not  been  able  to  open  their  valleys 
out  and  make  them  broad  and  flat,  but  have  cut  deep, 
winding,  narrow  trenches  thru  the  land,  trenches  that  are 
exceedingly  difficult  passes  for  armies  and  exceedingly 
good  defenses  from  the  enemies. 

At  the  north  the  Somme  River  and  the  Meurthc  River 
wind  their  way  thru  the  trenches,  and  the  Moselle  River, 
cutting  its  way  thru  in  deep  trenches,  was  again  one  of 
the  very  difficult  gateways  across  which  the  Germans 
had  to  move.  Unfortunately  a  great  part  of  that  was 
in  the  hands  of  the  Germans,  and  the  Lorraine  Gateway 
was  also  in  their  hands.  Hoth  was  their  part  of  the  vic- 
tory of  1870-71. 

Farther  north  those  physical  barriers  die  out  into  a 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


ENGINEERS*     CLUB     OF  PHILADELPHIA 


great  lowland  that  is  in  part  below  sea  level;  here  there 
are  no  cliff.*,  but  there  arc  swamps  and  many  rivers 
winding  to  the  sea. 

Hear  in  mind  four  types  of  topography.  One  shall 
be  the  region  at  the  southeast,  where  the  Yosges  Moun- 
tains form  one  side  of  the  broken  arch  and  the  Mack 
Forest  forms  the  other  side ;  that  is  one  unit.  The  second 
unit  is  the  region  of  the  low  arch  where  streams  have 
cut  deep,  narrow  trenches  thru  hard  rocks.    The  third 


MAIN  DEFENSIVE  POSITIO 
OF  MO 


OP  THE  ALLIED  ARMIES  AT  THE  BATTLE 
S-f  HAKLEROI-NAMIR 


is  a  region  where  the  hard  and  soft  strata  alternate  with 
each  other,  producing  alternating  series  of  cliffs  and 
plains,  with  all  the  cliffs  facing  toward  the  east.  And 
the  fourth  and  last  is  the  broad,  flat,  swampy,  richly 
watered  plain  of  Belgium  and  northern  France. 

Now  if  one  were  to  conduct  military  operations  against 
France  and  had  the  choice  of  one  of  those  four  coun- 
tries to  do  it  in  one  would  believe  that  the  broad,  flat 
lowland  of  Relgium  would  be  the  best  adapted  to  the 
modem  need  of  moving  armies  rapidly  by  many  par- 
allel roads.  The  invasion  of  Belgium  was  determined 
not  in  the  least,  as  alleged  by  our  enemies,  by  any 
political  consideration  whatever  or  with  any  idea  that 
the  French  had  intended  to  attack  the  Germans  thru 
Belgium,  but  because  that  country  happened  to  offer 
an  open  gateway  thru  northern  France.  There  were 
four  ways  of  attacking  Paris,  (.hie  was  to  attack- 
straight  across  the  Yosges  Mountains,  heating  the  way 
thru  the  cliffs,  one  after  another.  There  were  not 
ontv  the  great  breaks  in  the  Yosges  Mountains  to  aid 
the  invader,  but  there  were  gaps  in  many  of  the 
smaller  cliffs.  Where  rivers  How  or  formerly  (lowed 
thru  those  cliffs  they  made  gaps  which  serve  to-day  as 
locations  for  railways  and  canals;  all  the  railroads 
from  Paris  to  Merlin  pass  thru  these  gaps,  and  as  one 
goes  from  Berlin  to  Paris  he  sees  one  gap  after  an- 
other; he  is  first  in  a  deep  trench  and  then  on  a  broad 
plain,  and  then  in  a  trench  again  as  he  passes  thru 
successive  gateways. 

In  Fig.  1  one  sees  the  broad,  flat  valley  of  the 
Rhine  from  the  Schwarzwald  on  the  German  side. 


One  of  the  little  streams  flowing  down  thru  the  hard 
crystalline  rocks  of  the  Schwarzwald  is  shown  in 
Fig.  10.  The  river  has  had  time  in  this  part  of  its 
course  to  open  up  the  valley  which  is  richly  cultivated, 
but  the  rocky  slopes  are  unusable,  except  for  forests.  One 
of  the  reasons  that  it  has  the  name  of  Schwarzwald  is  that 
it  is  densely  covered  with  forests  (Schwarzwald  meaning 
black  woods).  On  the  side  of  the  Yosges  Mountains  and 
near  the  edge  of  the  great  crest  one  can  look  down 
upon  the  plain,  and  see  the  jiiain  highways,  wind- 
ing their  way  painfully  up  the  cliffs.  Imagine  try- 
ing to  face  such  a  cliff  with  the  enemy  on  the 
top,  where  the  ground  is  far  more  level.  A  story 
is  told  of  a  German  general  who  was  ordered  to 
carry  his  army  across  the  Yosges.  He  assaulted 
a  cliff  and  was  repulsed.  He  made  three  desperate 
assaults,  one  after  another.  He  was  repulsed  in 
every  one  by  the  Frenchmen  at  the  top.  Then 
orders  came  directly  from  the  Kaiser,  telling  him 
to  carry  the  Yosges  at  all  costs.  He  paid  the  cost* 
with  usury  and  failed  to  carry  his  army  to  the  top. 
Then  he  returned  to  his  tent  and  committed  sui- 
cide. Before  doing  so  he  wrote  a  letter  to  the 
Kaiser,  saying,  "  The  Yosges  Mountains  cannot 
be  crossed.  If  you  doubt  it,  come  and  try  it 
yourself." 

A  German  writer  said  that  the  Yosges  and  the 
Schwarzwald  lie  on  each  side  of  the  valley  like  two  mon- 
strous sphinxes,  with  their  paws  outstretched  guarding 
the  gateway  to  the  Fatherland.  These  mountains,  mar- 
vellously similar,  lie  one  on  each  side  of  the  valley,  but 
just  now  it  is  France  that  the  sphinx  on  the  Yosges 
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side  has  guarded.  ( )n  the  one  side  lies  the  Vosgcs  and 
the  Schwarzwald  mass,  and  directly  across  from  that  is 
a  series  of  parallel  ridges— ridge  behind  ridge,  each  one 
higher  than  the  last,  forming  the  Jura  Mountains.  Part 
of  the  Juras  belong  to  Switzerland  and  part  to  France. 
The  gateway  that  leads  from  the  valley  of  the  Rhine 
into  the  valley  of  the  Saonc  is  guarded  by  a  tremendous 
fortified  camp — Relfort.  The  region  beyond  the  cliff 
is  Besan<;on,  which  again  is  one  of  the  forts.  Here 
are  the  back  slopes  of  the  Vbsges  Mountains,  and  Upon 
those  slopes  range  after  range  lies,  protecting  the  land 
which  the  French  held. 

Stand  now  upon  one  of  these  great  cliffs,  this 
time  on  the  German  side,  and  look  out  over  the  great 
flat  valley  of  the  Rhine:  in  the  distance  is  the  sphinx  of 
the  Vosges  Mountains,  which  can  faintly  be  seen.  A 
wonderfully  flat  country  is  enclosed  lwtwecn  those  two 
great  upheaved  rocks.  The  only  success  the  French  have 
met. in  holding  (ierman  territory  has  been  near  Miil- 
hausen,  where  they  could  go  down  upon  the  flat  plain 
of  the  Rhine. 

In  the  arched  region  of  the  Ardennes,  and  the  high- 
lands eastward,  the  Meuse,  Moselle  and  Rhine  rivers 
have  cut  deep  gorges  tliat  wind  hack  and  forth.  Their 
tributaries  have  carved  the  smooth  upland  into  a  fret- 
work of  smaller  gulches.  Roads  must  follow  the  winding 
rivers,  because  only  here  arc  there  grades  that  permit 
heavy  traffic.  An  enemy  advancing  along  such  a  river 
gnr^c  must  conquer  the  rugged  upland  as  he  comes,  to 


avoid  living  outflanked  within  the  valley.  A  broad  up- 
land, ot  gentle  rolling  to|>ography,  cut  by  a  thousand 
little  trenches  is  one  of  the  most  difficult  regions  to  fight 
across,  more  difficult  than  mountains  like  the  Alps. 

The  Meuse  and  the  Sombre  rivers  run  together  at  the 
head  of  the  great  arch  and  then  pursue  their  way  out 
toward  the  Rhine,  anil  guarding  the  head  of  it,  just  at 
the  entrance  where  the  two  rivers  join,  is  the  great 
fortified  camp  of  Xamur. 

Farther  south  within  the  trench  of  the  Meuse  River 
are  the  fortified  towns  of  Dinant  and  Givet  The  illus- 
trations show  with  what  precipitousne-s  these  walls  rise. 
One  would  think  that  a  defense  could  surely  be  made 
there,  the  narrow  roadway  running  thru  the  trench,  the 
upland  held  by  the  defenders,  aided  by  the  almost  un- 
scalable cliffs.  The  Sambrc  River  cuts  a  similar  trench 
thru  crystalline  rocks  and  joins  with  the  Meuse  at  Xamur. 
The  Holography  was  favorable;  but  in  this  case  man  was 
weak.  It  was  not  known  when  that  fort  was  built  that 
the  modem  offensive  was  stronger  than  the  modern  de- 
fensive. The  forts  could  not  stand  against  the  modern 
guns,  and  later  reliance  was  less  u|»on  forts  than  upon 
topography. 

The  Germans  were  advancing  thru  Belgium  from  the 
north  and  from  the  east,  on  the  22d  day  of  August  the 
battle  opened  from  Namur  and  thru  Charleroi  to  Mons. 
The  eastern  half  of  the  line  was  held  by  the  French. 
Near  Mons  is  the  little  village  of  Binchc  and  from  there 
westward  to  Mons  the  British  Armv  faced  northward. 
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The  French  were  behind  the  great  river  trenches.  The 
British  had  no  such  natural  defense,  but  lay  behind 
the  Condi  canal  and  treated  that  as  a  river  trench.  Had 
the  fort  at  Xamur  held — that  was  the  crucial  point — 
the  British  and  the  French  might  have  been  able  to  turn 
the  enemy  back.  V  on  Kluck,  von  Buelow,  and  the  Duke 
of  Wurtcmbcrg.  moving  along  different  points  in  the  line, 
began  the  attack  almost  simultaneously,  beginning  a  little 
earlier  at  Namur,  but  the  German  siege  guns  reduced  the 
fort  within  twenty-four  hours,  and  von  Hausen  and  von 
Wtirtemberg  forced  an  entrance  across  the  deep  trench 
of  the  Meuse  and  broke  the  line.  The  line  once  broken, 
the  French  were  in  danger  of  having  their  center  cut,  so 


TRENCH  OF  THE  AISNE  RIVER 

that  the  very  trench  they  relied  upon  to  defend  them  might 
have  proved  the  trap  into  which  they  could  have  been 
driven.  They  commenced  to  retreat,  and  the  next  long 
battle  was  fought  as  a  rear-guard  action  to  defend  a 
retreat  of  the  French  and  British  to  some  place  where 
they  could  make  a  stand.  The  toixigraphy  had  favored 
them  at  the  outset,  but  man  had  proved  too  strong 
for  them,  and  they  must  retire  to  a  place  where 
once  more  Nature  favored  them.  When  the  line 
was  broken  the  British  and  French  retired  behind 
the  fort  of  Maubeuge,  to  within  the  region  where 
the  River  Oise  joins  the  Seine,  and  made  their 
next  stand  from  the  Oise  to  the  Marne  and  upon 
the  various  tributaries  of  the  Marne. 

Let  us  sec  now  what  part  the  topography 
played  in  the  fight  at  the  Marne.  After  retreating 
from  the  Sambre  and  Meuse  they  made  their  first 
stand  upon  the  Ourcq,  which  is  a  tributary  to  the 
Marne.  There  were  several  reasons  why  Paris 
could  not  easily  be  taken.  The  Seine  River  makes 
very  large  bends.  There  is  a  great  ring  of  fortresses 
defending  Paris,  and  the  Germans  would  have  to 
face  the  French  and  Rritish  armies,  which  lay  upon 
the  flank  of  any  such  advancing  army  and  lay  be- 
hind the  great  natural  topographic  defense  of 
trenches  these  rivers  have  cut  in  the  limestone 
upland.  Consequently  von  Kluck  turned  south- 
ward and  crossed  the  Marne.  The  world  wondered 
why  he  did  not  take  Paris,  but  this  is  the  reason: 
He  crossed  the  Marne  and  drove  the  French  before 
him,  leaving,  while  he  did  so,  a  thin  screen  of 
troops  to  defend  his  flank  along  the  Ourcq.  Just 
at  that  time  Italy  was  one  of  the  Triple  Alliance. 
The  Italian  guns  and  Italian  troops  were  massed 


along  the  border  between  France  and  Italy.  The 
French  had  a  great  army  there  to  defend  themselves 
against  the  expected  Italian  attack.  It  is  said  that  the 
German  papers  had  published  that  Lyons  had  been 
taken  by  the  advancing  Italian  troops.  The  Italian 
Ambassador  at  Paris,  keeping  himself  in  touch  with 
events  in  Rome,  had  heard,  at  2  o'clock  in  the  morning, 
that  Italy  had  decided  to  stay  neutral.  He  woke  the 
French  Minister  of  War  out  of  his  bed  and  told  him 
that  the  Italians  were  going  to  observe  neutrality.  The 
French  sixth  army  was  reinforced  with  troops  from  the 
Italian  border,  to  be  flung  against  that  thin  stream  of 
troops.  The  French  waited  until  the  Ourcq,  the  great 
trench  of  the  Marne,  lay  between  them,  and  still 
w  aited  until  the  Germans  crossed  and  lined  up  here 
with  the  French  center  bent  far  back.  Then  the 
French  made  their  assault  from  the  west  against 
this  thin  line  of  troops  and  flung  them  back  against 
the  trench  of  the  Ourcq,  w  here  they  were  in  danger 
of  being  destroyed.  Had  the  French  succeeded  in 
crossing  the  Ourcq,  von  Kluck's  army  would  have 
been  cut  oil,  but  von  Kluck  commenced  to  retreat 
rapidly  back  and  flung  his  troops  against  the 
French  Army  at  that  side.  It  was  a  difficult  under- 
taking; rain  had  begun  to  fall,  thus  favoring  the  Allies, 
but  he  carried  it  out  very  successfully,  leaving  a  thin 
screen  of  troops  behind  to  hold  the  French  and  British 
back  along  the  rivers.  That  held  them  longer  than  one 
likes  to  say.  We  may  as  well  admit  frankly  that  blun- 
ders were  made.    But  at  last  the  line  broke  and  the 
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Allies  crossed  the  J'etit  Marne  and  the  Grand 
Marne,  and  the  two  armies  faced  each  other 
on  the  trench  of  the  Marne.  Mad  that  held,  the 
Germans  could  have  poured  in  such  troops  as 
would  have  destroyed  the  French  sixth  army, 
and  their  way  would  have  been  clear  to  Paris, 
but  the  Marne  line  did  not  hold,  the  Allies 
crossed  it.  Meantime,  far  to  the  eastward  Gen- 
eral Foch  faced  von  Huelow  across  the  Saint 
Goud  Marsh.  Germans  believed  the  French 
could  not  attack,  because  the  great  swamp  lay 
between,  and  in  their  eagerness  to  destroy  the 
sixth  army  they  had  weakened  their  line.  The 
French  general  saw  a  chance  to  break  across  that 
swamp.  He  broke  thru  it  and  cut  the  German 
center  and  rolled  hack  that  end  of  the  army.  One 
can  hardly  believe  that  that  battle  was  act- 
ually won  by  the  French,  when  one  looks  at 
the  terrible  history  of  the  war  since  and  sees 
what  power  the  Germans  have  shown  since  that 
defeat. 

One  of  the  illustrations  shows  the  inner- 
most of  those  cliffs,  the  one  nearest  Paris.  It  is  not 
steep  or  rugged ;  it  rises  perhaps  300  feet  above  the 
broad,  open  plain  which  is  developed  on  the  soft  rocks. 
Far  in  the  distance  one  can  see  promontory  after 
promontory,  where  the  long  cliff  is  dissected  by  the 
little  rivers  flowing  thru  it  and  out  onto  the  plain,  with 
the  broad  plain  itself — the  plain  of  Champagne  across 
which  was  fought  the  famous  battle  of  the  Marne. 

At  Verdun,  the  Germans  had  to  advance  against  one 
of  these  cliffs  across  the  swampy  lowland  and  fight  their 
way  up  the  cliff.  They  had  three  ways  of  attacking 
Verdun.  At  the  north  the  Meuse  winds  its  way  out  thru 
the  upland  to  the  plain  of  the  Woevre,  as  shown  on  the 
map.  At  this  gateway  the  Germans  had  entered  the 
valley.    They  could  have  advanced  from  the  north  and 
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they  could  have  advanced  across  the  plain  from  the 
east  and  have  fought  their  way  up  that  cliff.  They  could 
have  broken  thru  at  some  favorable  point  at  the  south 
where  the  cliff  lies  lower  and  then  come  up  the  Meuse 
Valley  from  the  south.  They  tried  all  three  ways  at  once. 
They  met  with  their  least  success  where  the  topography 
was  least  favorable— advancing  from  the  east.  They 
failed  to  maintain  a  foothold  on  top  of  the  cliff.  To  the 
south  they  broke  thru  and  seized  St.  Mihiel,  where  their 
line  makes  a  sharp  salient. 

The  winding  river  leaves  sharp  spurs,  jutting  out  on 
either  side  of  it.   The  French  fortified  each  one  of  those, 
and  they  have  learned  from  the  fall  of  Antwerp  and  a 
dozen  other  fortified  places  the  terrible  lesson  that  Ger- 
man guns  can  teach.    The  Germans  demolished  not, 
however,  until  the  French  had  taken  the  guns 
out  of  the  forts  around  Verdun,  and  placed 
them  in  secure  emplacements  behind  those 
winding  spurs.    So  when  you  heard  of  the 
Germans  taking  the  Fort  of  Douaumont,  above 
Verdun,  you  did  not   hear  of   them  really 
capturing  a  fort  like  the  fort  of  Maubeugc 
or  of  Liege,  but  simply  of  their  taking  the 
empty  shell  of  the  fort.    The  French  were 
unwilling  to  give  it  to  them,  not  because 
they  wanted  the  fort,  but  because  of  the  topog- 
raphy that  the  fort  was  placed  upon.    The  guns 
were  placed  on  these  ridpes,  and  if  the  Germans 
captured  one  they  must  fight  upon  it  and  fight 
their  way  up  and  take  the  next,  and  there  lies  cliff 
after  cliff  of  that  kind.    A  railroad  that  supplied 
Verdun  runs  thru  the  valley  across  the  south  end 
of  the  sketch,  then  across  a  low  divide  into  an- 
other stream  valley  and  out  toward  Paris.  The 
ountherstal.  SHOWING  TYPICAL  topography  op  the  lower   same  railroad  passes  eastward  thru  another  little 

COURSES  OF  VALLEYS  HEADING  AGAINST  THE  STEEP  SCARPS  OF  THE    „,„„.,  tt,_,  ,  „,nn»|  aml  arrftcc  the  Wnevre 

vosges  and  black  forest  mountains  valley  ano  thru  a  tunnel  anu  across  tne  woevre 
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toward  Metz.  That  was  the  straightest  route  to  Paris, 
and  the  capture  of  that  railroad  line — not  the  railroad, 
because  that  would  he  destroyed — was  one  of  the  main 
objectives  of  the  attack 
upon  Verdun.  There  was 
another  reason,  tho.  Just 
at  the  time  that  Verdun 
was  attacked  most  seri- 
ously, in  February,  1916, 
the  Russans  had  been 
beating  the  Austrians; 
Lciuberg  had  fallen,  and 
the  Germans  in  the  west 
had  been  without  a  victory 
for  a  long  time.  There 
was  every  political  reason 
for  winning  a  victory.  There  were  four  great  fortified 
camps  that  the  French  relied  upon,  one  of  which  was 
Verdun.  None  of  them  had  fallen,  and  so  Verdun  must 
fall.  For  all  these  reasons  the  attack  was  made,  and 
the  Germans  hoped  to  win  by  surprise. 

The  Germans  commenced  their  attack  on  the  isolated 
height  cast  of  the  Meusc.  and  pushed  the  French  back 


DIAGRAM  MATH.'  VIEW  OF  THE  RE1.PORT  GATEWAY  INTO 
SOUTHERN  FRANCE.  THE  RU  MORS  CONCERNING  THE  INVASION 
OF  SWITZERLAND  HAVE  REFERENCE  TO  THE  POSSIBLE  USE  BY 
GERMANY  OF  THE  PARALLEL  VALLEYS  OF  THE  JURA  MOUNTAINS 
AND  A  DESCENT  THRU  THE  DOUBS  VALLEY  TO  THE  REAR  OF 
BELPORT 


ridge,  and  that  ridge  overlooks  the  river.  At  the  foot  of 
the  ridge  on  the  river  side  is  a  little  town  called  Cumieres, 
and  directly  south  of  Bethincourt  is  a  hill  called  I-e  Mort 

Homme  (Dead  Man  Hill), 
west  of  which  is  304-Meter 
Hill.  The  Germans  ad- 
vanced thru  the  Forges 
Valley  from  Kegnevillc  and 
beyond,  then,  turning  south- 
ward, faced  the  French. 
You  know  the  story  of  tliat 
fight;  the  hill  is  not  high 
or  steep,  but  slopes  gen- 
tly, leading  down  toward 
the  assailants.  As  soon 
as  the  Germans  came  out 
from  cover  they  were  simply  annihilated.  It  was 
not  the  forts  but  the  favorable  topography  that  made 
that  defense  impregnable,  but  along  the  line  of  the 
river  the  topography  favored  the  Germans;  they  broke 
thru  and  outflanked  the  French,  but  still  they  could  not 
light  their  way  to  the  town. 

By  the  end  of  July  the  Germans  had  attained  their 
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LINE  OF  TREM  HF.S  ON  THE  CARSO  FRONT 


to  the  line  thru  Cote  dc  Poivrc,  Louvcmont.  and  Douau- 
mont.  They  had  come  down  the  valley  and  began  to 
deploy  outward  across  the  cliff  and  began  to  take  it. 
They  succeeded  in  taking  Forget  and  Kegnevillc  and 
the  small  valley  westward  to  Bethincourt  and  Malancourt. 
South  from  that  line  is  a  slope  leading  up  to  a  high,  steep 


fullest  measure  of  success.  They  had  by  desperate 
fighting  won  Fort  Douaumont.  South  of  the  fort  is  the 
little  branching  valley  of  Vaux.  They  took  that,  were 
expelled  from  it,  took  it  again,  and  were  expelled.  The 
third  time  they  gained  the  village  and  the  fort  of  Vaux 
on  the  hill  south  of  the  town.    From  the  Meuse  River 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


231 


y  Google 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


Bird's-eye  drawing  of  Verdun.  To  the  right  Irani  is  the  Woevre  lowland,  fronted  by  the  cliff  of  limestone.  From  Pebruary  25,  when  the  first  rush  wis 
checked,  to  March  9,  the  struggle  centered  about  Cote  du  Poivrc  and  Douaumont:  Prom  the  isolated  hill  northeast  of  Onvea,  the  Kaiser  watched  for  the 
fall  of  Douaumont.  But  the  French  right  rested  on  the  cliff,  and  their  left  was  protected  by  the  guns  on  the  Charny  and  Cumiercs  spurs.  It  was  to  break 
thru  this  left  flank  that  the  battle  in  succeeding  weeks  shifted  to  the  Forges  Brook  thai  runs  thru  Bcthim'ourt.  For  a  time  the  Germans  gained  Douaumont 
and  Vaus.  but  were  expelled  in  December.  I«16 


across  to  the  cliff  lies  a  country  branched  with  many  of 
these  little  lateral  valleys.  In  lighting  their  way  across 
these  deep  gorges  the  Germans  went  simply  fruin  one 
death-trap  into  another. 

Then  came  the  second  battle  of  Verdun — the  counter- 
offensive  of  the  French.  I  -caving  the  ( icrman  line  un- 
challenged except  where  their  topographic  positions  made 
them  dangerous  to  the  continued  defense  of  Verdun, 
the  French  took  great  care  to  expel  the  enemy  from  the 
portion  of  the  ridge  they  held  at  the  Cote  de  I'oivre. 
From  the  cliff  edge  at  Douaumont  they  have  driven  the 
Germans  out  onto  the  plain  where  the  line  now  lies. 

Now  remains  the  plain  of  Belgium,  and  the  reason  can 
be  >een  why  Relgium  was  invaded.  The  plain  is  richly 
cultivated  and  supports  a  dense  population.  It  is  even 
lower  and  flatter  than  northern  France,  and  the  lower 
parts  of  the  rivers,  as  well  as  the  sea-coast,  have  to  be 
dyked  to  keep  out  the  sea.  The  groundwater  is  so 
near  the  surface  that  where  a  trench  is  dug.  the  soldiers 
stand  in  water.  The  least  little  ridge  is  of  strategic 
importance  not  only  because  of  its  height,  but  because 
one  can  have  dry  trenches  there.  When  need  arose,  the 
Allies  turned  their  great  guns  upon  the  sea-gates  and 
dykes,  and  flooded  the  country,  thus  effectively  checking 
the  German  advance  in  that  region. 

As  to  the  Italian  front :  The  Alps  Mountains  rise  very 
abruptly  out  of  the  plain;  the  cliffs  are  a  thousand  feet 
high,  up  which  roads  have  to  twist  and  wind  back  and 
forth,  as  in  the  other  similar  regions  in  France.  Such 
cliffs  abut  stlftrply  upon  the  plain.  These  mountains  are 
the  ruggedest,  sheerest  mountains  you  can  imagine.  Few 
of  our  American  mountains  are  so  rugged  as  the  Alps. 
The  valley  floors  come  down  to  within  a  few  hundred 
feet  of  sea-level.  In  some  places  the  valley  is  six  hundred 
feet  above  sea-level,  the  heights  on  either  side  going 
up  to  eight  thousand  feet,  so  that  there  are  seven  thousand 
feet  of  almost  sheer  declivity.  The  rivers  carry  great 
amounts  of  sediment,  which  they  fling  down  upon  the 
plain,  so  they  have  built  a  great  sloping  land,  richly 
fertile,  made  of  rock-waste  which  thev  carrv  down  thru 


the  mountains.  In  the  past  glaciers  of  ice  (lowed  thru 
every  one  of  these  valleys  clear  to  the  plain  and  built,  in 
places,  masses  of  mud  and  earth  enclosing  lakes  which 
are  held  in  between  the  valley  walls  and  the  material 
that  the  glacier  heaped  upon  ihe  land.  Such  is  Lago  di 
Ganla,  one  of  the  most  l>eautiful  of  the  Italian  lakes. 

.Most  of  this  region  is  inhabited  by  Italians  who  speak 
a  dialect  of  Italian — the  Ladin  dialect — and  Italian  colo- 
nists. It  was  not  national  aspirations  that  led  the  Italians 
to  light  on  the  Allies*  side  in  this  war.  A  pretty  bad  pic- 
ture was  given  by  the  newspapers  before  Italy  went  into 
the  war.  We  saw  her  bargaining  and  looking  to  one  side 
and  then  the  other.    What  really  happened  was  this: 


Ci-vi,f«ht  Umlerwuuil  A  l'n<lef>u(0,  ^r*  V-  it 


MOUNT  PASUBJO  LIES  BETWEEN  THE  AS1AC.O  PLATEAU  AND 
THE  ADIOE  VALLEY.  THE  AUSTRO-ITALIA  N  BOUNDARY  PASSES 
OVER  ITS  SOUTHEASTERN  FLANK.  IT  DONMNATF.S  THE  LOWER 
ITALIAN  HILLS  TO  THE  SOUTH 

In  1859,  Austria  held  Piedmont  and  Venetia.  When 
these  were  restored  to  Italy  the  new  boundary  line  was 
especially  favorable,  not  to  Italy,  but  to  Austria.  Run- 
ning over  the  lower  foothills  about  the  Adige  Valley,  it 
rises  toward  the  Swiss  frontier,  crossing  Mount  Adaniello 
and  the  Tonale  pass  thousands  of  feet  above  sea-level. 
The  Austrians  held  the  dominating  heights  on  every  side, 
the  Italians  held  the  foothills.  That  frontier  is  a  threat 
to  all  northern  Italy,  and  the  establishment  of  that  frontier 
seemed  a  promise  to  Austria  that  one  day  she  would  win 
back  what  the  Italians  had  taken  from  her  of  Italian 
territory.  It  was  a  strategic  and  a  topographic  and  a 
racial  victory  that  the  Italians  looked  forward  to.  to 
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remove  the  threat  that  Austria  made  against  Italy  in 
merely  holding  that  line.  I  want  to  make  that  clear,  (or 
the  Italians  have  hcen  very  much  misunderstood,  and  the 
picture  of  them  as  a  group  of  hungry  land  bargainers. 


THIS  PHOTOGRAPH  SHOWS  AN  ENGINEER'S  DSVICI  K(IK 
OVERCOMING  THE  TOPOGRAPHIC  BARRIER  OP  THE  ALPINE 
VALLEY 

with  national  aspirations,  playing  politics,  with  their 
loyalty  to  this  side  or  that,  is  a  picture  that  is  not  correct. 

In  making  that  attack  they  had  the  choice  of  moving 
eastward  across  the  river  Isonzo  against  the  plateau  and 
the  city  of  Goritza — a  difficult  route:  they  had  to  leave 


in  their  rear  a  scries  of  rivers  that  crossed  their  path. 
Or,  on  the  other  hand,  they  might  move  against  the  Adige 
Valley  and  fight  their  way  to  the  mountains.  The  rivers 
favored  them,  leading  northward  from  the  Italian  plain, 
but  in  the  past  there  were  glaciers  in  the  northern  end  of 
all  these  valleys,  so  that  at  the  northern  end  the  ice  had 
torn  out  the  rocks  to  unscalable  heights.  To  climb  up  on 
to  the  Asiago  plateau  the  railroad  has  to  wind  up  and  up 
the  cliff  to  the  summit,  which  is  a  comparatively  open 
country  and  has  good  roads.  There  are  cross-trenches, 
the  valley  of  the  Adigcs  tributaries,  and  these  cross- 
trenches  favored  the  Austrian 3,  who  could  deliver  troops 
thru  them. 

Great  mountains  do  not  favor  the  defense,  but  the 
assailant  who  can  light  unseen,  whose  victim  can  main- 
tain only  a  few  troops  at  any  given  |>oint.  The  enemy 
being  unseen,  the  defender  cannot  concentrate  until  the 
blow  falls.   Too  often  that  is  too  late. 

The  Austrians  on  the  heights  across  the  Isonzo  River 
could  fire  clear  across  that  river  to  the  Italians  on  the 
west  side,  so  that  they  could  not  even  approach  the 
river.  They  could  not  take  the  heights  until  they  crossed 
the  river,  and  they  could  not  cross  the  river  until  they  took 
the  heights.  They  made  a  crossing  finally  by  means  of 
tunnels,  one  of  the  most  wonderful  engineering  feats  ever 
put  thru  in  war  time.  Once  they  broke  thru  this  barrier 
they  made  a  wonderful  success  in  that  region  for  a  time. 

Note. —  Major  Douglas  W.  Johnson,  for  reasons  of  military 
duty  was  iinalile  to  present  the  above  paper,  but  sent  as  his 
substitute  Mr.  Frederick  K.  Morris.  Major  Johnson  planned  his 
pa|K-r  upon  Ml  Ixiok.  "Topography  and  Strategy  in  the  War" 
(Henry  Hull  &  Co.  New  York),  and  Mr.  Morris  adhered 
cfotely  to  that  plan.  The  maps  and  diagrams — taken  from  Major 
Johnson's  book,  with  one  exception — were  originally  prepared  by 
the  American  Geographical  Society,  and  appeared  in  the  Gto- 
itrafihual  Reviitv.  Permission  for  reproduction  in  the  Joi  rnal 
has  been  granted  by  Dr.  Isaiah  Bowman.  Director  of  the 
American  Geographical  Society.  The  photographs  were 
in  part  made  by  Major  Johnson,  and  in  part  came  from  other 
sources  and  arc  reprinted  from  his  book.  The  photographs  fur- 
nished by  Mr.  Morris  arc  from  Underwood  and  Underwood, 
and  two  drawings  were  made  by  Mr.  Morris. 


234 


MAY.     NINETEEN     HUNDRED     AND  EIGHTEEN 


by  Google 


"MY  EXPERIENCES  AT  THE  FRONT" 

By  CORPORAL  FRANK  STREET 

Strathcona  Light  House,  Canadian  Akhv 


FOR  three  long  years  and  a  half  we  have  stood  before 
the  German.  He  has  had  everything  on  his  side; 
the  preparation  of  forty  years,  for  he  has  prepared 
ever  since  Frederick  the  Great  stood  on  the  Prussian 
throne  and  defied  Sweden.  Do  not  be  pessimistic  as  to  the 
outcome.  He  failed  to  crush  us  when  we  had  nothing; 
how  can  he  smash  us  now  ?  No !  Not  in  a  thousand  years ! 

After  five  or  six  days'  fighting  our  line  has  retired. 
Mind  you,  there  is  an  object  in  retiring  in  this  case,  and 
there  is  always  an  object  in  our  retiring.  For  example, 
take  the  battle  of  the  Manic.  At  that  battle,  for  every 
inch  of  ground  wc  retreated  we  set  a  price  upon  every 
square  inch  of  that  territory,  and  before  the  Germans  put 
one  foot  on  it  they  pay  the  price  or  they  do  not  get  it.  In 
this  case  our  price  has  been  paid  in  full,  and  conse- 
quently the  Germans  have  recovered  a  country  that,  when 
they  retreated  from  it.  they  had  devastated  beyond  de- 
scription. What  does  it  amount  to?  It  is  not  territory 
in  this  war.  It  means  this:  that  the  people  here  have 
got  to  get  behind  us.  We  want  the  moral  backing,  and  if 
we  have  that  we  have  all  that  a  country  can  give,  be- 
cause that  means  that  every  man,  every  woman,  and 
every  child  in  this  country  will  stand  behind  us. 

Now  a  word  as  to  myself.  I  was  in  the  Yukon  prior 
to  this  war.  When  I  came  down  it  was  250  miles  from 
the  nearest  railroad  station.  I  was  in  the  "  poussc-cafc  " 
country,  as  they  call  it  up  there,  and  arrived  at  a  place 
called  Grand  Prairie.  It  is  exactly  250  miles  from  Ed- 
monton, 100  miles  west  of  Fdson,  in  Alberta.  That  was 
on  the  26th  of  July,  1914.  We  had  telegraph  connection 
there,  and  word  came  thru  that  the  war  in  Europe  had 
started.  I  was  bom  in  Canada  and  brought  up  in  the 
United  States.  I  wanted  to  fight  in  this  war  for  one  thing, 
and  one  thing  only.  I  was  living  in  Canada,  and  a  coun- 
try that  is  good  enough  to  live  in  is  good  enough  to  fight 
for,  and  die  for,  if  necessary!  That  meant  that  I  had 
to  travel  250  miles,  and  I  made  that  trip  in  eight  days.  It 
was  a  good  breaking-in.  for  it  is  a  hard,  long  trail  up 
there,  and  on  the  12th  of  August,  1914,  I  enlisted  in  the 
cavalry.  1  went  across  with  the  first  Canadian  contingent. 
Wc  have  a  designation  so  that  you  can  always  recognize 
a  first  contingent  man,  anil  that  is  a  designation  of  color, 
worn  tij>on  the  shoulder  strap.  It  means  that  the  man 
who  wears  it  was  one  of  the  first  contingent  that  left 
Canada  in  October— the  first  of  Octolnr,  1914.  We 
landed  in  England  six  weeks  after  the  outbreak  of  the 
war  and  were  put  on  Salisbuty  Plains,  the  last  place  that 

*  Presented  at  joint  meeting  of  Engineers'  Club  and  Ameri- 
can Society  of  Mechanical  Ennineers  at  Wither&pnon  Hall,  March 
27.  1918. 


God  made  and  He  forgot  to  finish  it.  In  fact,  wc  used  to 
say,  "  If  this  is  England,  give  it  to  the  Germans.  It 
isn't  worth  lighting  for."  Hut  it  is.  Everything  thai  those 
little  isles  contain  is  worth  lighting  for.  Why?  Because 
they  have  stood  between  us  and  the  German  brute! 

That  was  our  feeling  regarding  England.  The  story- 
came  back  here  that  insidious  German  pro|>aganda— they 
told  you  right  before  we  ever  got  the  first  dose  of  gas,  at 
the  second  battle  of  Yprcs,  as  soon  as  the  first  Canadian 
contingent  came  here,  they  came  into  the  States  and  they 
issued  the  propaganda — said  that  Great  Britain  sacri- 
ficed us  and  saved  their  own.  1  want  to  tell  you  some- 
thing. They  never  sent  us  where  they  did  not  go  them- 
selves. For  every  Canadian  that  lies  over  there  there 
are  ten  Englishmen,  and  I  am  not  counting  Scotchmen, 
Irishmen,  and  Welshmen.  I  am  giving  credit  where 
credit  is  due. 

In  February  we  went  to  France,  and  we  landed  at 
St.  Valery,  and  the  first  thing  they  did  to  us  was  to  take 
off  the  top  of  our  hair.  Sometimes  they  have  enough 
barbers'  clippers  to  go  thru.  In  this  case  they  did  not 
have  enough.  They  used  horse  shears.  The  doctors  give 
you  a  good  reason.  They  tell  you  you  are  likely  to  get  a 
wound  in  the  head.  Our  opinion  is  different.  After  you 
get  up  the  line  you  become  acquainted  with  those  little 
companions  that  stick  closer  than  any  German  ever  stuck. 

Another  thing  they  introduced  us  to  was  a  pick  and 
shovel.  It  was  a  case  of  dig,  dig  all  the  time.  Why? 
Because  wc  had  at  that  period  one  machine  gun.  At  the 
Marne  we  had  only  two  machine  guns  at  the  outside  for 
every  1300  men.  Wc  had  no  hand  grenades,  no  bombs 
of  any  description.  The  biggest  gun  we  had  at  the 
second  battle  of  Ypres  was  a  4.7.  The  Germans  had 
everything,  from  a  pom-pom  to  a  17-inch.  They  brought 
into  this  war  the  most  brutal  things  the  human  mind 
could  conceive  of.  to  crush  the  world  and  bring  into  it — 
bring  everywhere — German  "  kultur.'"  And  then  he  says 
God  is  on  his  side.  Are  wc  on  God's  side  ?  Wc  know  it, 
because  wc  would  not  have  stop[vd  them ;  human  nature 
did  not  stop  the  Germans  alone.  For  instance,  take  the 
22d  day  of  April,  when  that  gas  first  came  over.  1  was  in 
the  infantry.  So  far  as  cavalry  was  concerned,  it  is  a 
misnomer  calling  us  cavalry,  because  all  the  cavalry  work 
wc  did  there  was  on  these  legs— walk  on  them— and 
when  wc  got  there  it  was  a  case  of  go  up  and  live  in  the 
trenches  with  the  rats  for  a  while.  No  horses.  Dis- 
mounted, we  went  up  to  the  Royal  Dragoons,  but  we  had 
to  dismount  and  go  in  the  trenches  again. 

The  story  of  the  Somme  was  a  pretty  dear  one  for 
the  Germans. 
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Another  thing,  and  that  is,  that  no  matter  how  we 
feel — no  matter  how  hard  things  have  gone — the  Ger- 
mans have  never  been  able  to  wipe  that  smile  off  our  faces. 
We  can  always  laugh,  Tor  instance,  up  in  the  front-line 
trenches  you  will  see  a  fellow  there  and  a  whiz-bang 
goes  over  his  head.  He  ducks  and  another  one  comes 
along  and  he  ducks  again.  One  of  the  fellows  asks. 
"  What  are  you  ducking.'"  and  he  savs.  "  Lice  whiz,  if  I 
don't  duck  this  one  I  won't  get  a  chance  at  the  next  one." 

Those  communication  trenches  at  that  time  in  the 
beginning  we  made  ourselves.  We  used  to  go  up  behind 
the  front  line,  and  every  movement  you  make  must  be 
done  at  night,  in  the  dark,  and  you  cannot  sec  your  ringer 
in  front  of  your  face.  Going  along  you  have  a  fellow 
about  five  feet  in  front  of  you  and  have  a  shovel  attached 
to  you,  or  perhaps  you  have  a  shovel  and  the  other  fellow- 
has  a  pick.  All  of  a  sudden  a  17-inch  shell  whizzes  hy 
you  and  when  it  lands  it  tears  a  hole  in  the  ground  thirty 
feet  in  circumference  and  twenty  feet  deep.  These  shells 
have  killed  men  fifty  feet  away  from  them  and  the  man 
has  not  had  a  mark  on  him.  And  when  they  come  by 
your  heart  conies  up  in  your  throat  and  you  say,  "  That's 
all  right ;  it*s  gone."  You  think  you  have  not  eaten  for 
a  week.  It  always  reminds  me  of  the  story  of  the  Irish- 
man who  always  likes  a  scrap. 

One  day,  suddenly,  at  the  Somine,  after  five  days  of 
roar  and  l>ombardnient,  the  guns  stopped  and  we  went 
over.  Before  it  was,  "  Over  you  go  and  the  best  of  luck." 
No  gun  behind,  and  you  look  around  to  sec  where  the 
next  one  was  coming  from.  This  fellow  ran  up  and  down 
the  parapet ;  nothing  happened,  and  he  yells.,  "  Three 
cheers  for  the  Kaiser!"  Somebody  said,  "  What  are  you 
doing,  Pat?  Are  you  mad?"  And  he  says.  "Well,  he 
started  it,  didn't  he?"  It  reminds  me  of  the  fellow  that 
was  just  going  up  over  the  top;  he  just  got  to  the  parapet 
and  something  bit  him  on  the  leg.  He  reached  down  to 
his  leg  and  as  he  did  so  a  shell  missed  his  head,  and  he 
said,  "  Old  boy.  I  cannot  give  you  the  Victory  Cross,  but, 
say,  I'll  give  you  better  feed."  And  then  people  say  there 
is  no  humor  out  in  the  front  line.  There  is  all  kinds  of 
it.  Sometimes  you  will  see  a  man  sitting  on  the  firing 
platform  with  a  deck  of  cards — four  of  them  in  the 
daytime.  You  cannot  do  much  in  the  daytime,  anyhow. 
The  shells  are  gaping  over  your  head  and  you  will  play 
a  game  of  cards.  Maybe  in  the  middle  of  it  the  game  will 


be  sr 


There  is  not  one  second 


the  day  that 
there  is  not  some  men  "  getting  it  "  over  there. 

Go  back  now  to  the  period  when  the  Germans  first 
released  their  gas.  If  you  could  only  realize  what  that 
means  to  the  civilized  world;  to  think  that  any  nation 
could  sink  to  a  depth  lower  than  any  savage  race;  could 
sink  lower  than  any  nation  ever  sank  before  in  the  world's 
history — you  could  realize  to  the  full  that  this  is  not  my 
fight,  it  is  not  your  fight,  it  is  our  fight — every  one  of  us ! 
The  gas  came  over  in  a  yellowish-green  cloud.  The  first 
troops  that  got  it  were  the  French  troops.  They  gave 
ground  and  came  back  farther  still.  They  passed  all  the 
four  guns  and  came  down  the  road.    Hut  it  was  too  late ; 


there  was  a  gap  four  or  five  miles  wide  in  the  line.  The 
Germans  came  on,  but  they  hesitated  a  while,  and  that 
saved  the  day.  There  is  no  doubt  of  it.  The  results  were 
frightful.  To  see  men  coming  down  the  road,  trying  to 
get  another  breath  of  fresh  air,  scratching  their  faces, 
dying!  It  was  a  sight  unspeakable,  and  the  men  that 
suffered  first,  and  always  suffers  first  in  that  case,  is  the 
man  that  is  lying  there  wounded,  because  the  wounded 
man,  unable  to  get  away,  will  crawl  into  a  shell-hole  or 
a  dug-out.  and  this  gas,  being  heavier  than  air,  reaches 
him  first  and  he  dies,  not  even  with  a  fighting  chance! 
Murder!    Unadulterated  murder! 

Then,  again,  we  hear  stories  that  we  brought  into 
use  these  other  methods.  There  is  not  one  thing,  even 
down  to  the  liquid  tire,  dum-dums,  and  explosive  bullets. 
What  docs  an  explosive  bulle<  do?  It  enters  your  arm  at 
one  place  in  a  little  pencil-hole  wound  and  comes  out  at 
another,  tearing  the  flesh  to  pieces.  They  even  put  glass 
in  the  shrapnel.  That's  the  German  method.  In  May. 
1915,  I  myself  took  from  a  Bavarian  a  saw-toothed 
bayonet.  They  run  it  into  a  fellow,  turn  it.  and  pull  it  out, 
and  leave  you  to  guess  the  rest.  That's  the  German 
nation.  But  that  i.s  nothing.  'The  thing  that  made  us 
swear  that  we  will  not  quit  until  we  drive  them  off  the 
map  were  those  awful  atrocities  the  Germans  have  com- 
mitted in  Belgium  and  Trance  and  all  those  little  people 
that  they  put  their  feet  upon.  That  is  what  we  are  in 
this  war  for,  and  if  we  do  not  stop  them  there  they  will 
come  here  to  your  homes  and  commit  in  a  worse  way 
the  same  deeds  they  have  committed  in  T'.urope. 

For  instance,  I  went  into  a  hospital  in  London  in 
November,  1114,  before  I  ever  saw  France,  and  there  I 
saw  a  Belgian  boy.  a  little  lad  of  about  eight  years  old, 
minus  his  right  hand.  1  was  told  by  the  doctor  that 
the  little  fellow  had  lost  his  hand  by  a  bayonet.  A  Ger- 
man had  deliberately  hacked  it  off  at  the  w  rist.  The 
idea  w  as  that  when  the  boy  grew  up  to  manhood  he  would 
not  be  able  to  defend  his  country. 

Another  case :  A  Ih>\  had  a  letter  from  his  mother. 
He  was  in  my  section.  He  was  sittnig  outside  on  a 
biscuit  tin.  Coming  up  toward  him.  I  saw  he  was  sob- 
bing, and  it  is  pretty  bad  news  when  a  soldier  sobs.  I 
asked  him  what  was  the  matter.  He  did  not  answer 
me.  but  he  handed  me  the  letter  and  I  read  it.  The  letter 
told  him  that  he  was  to  take  no  German  prisoner  if  he  ever 
came  into  contact  with  any,  because  a  pirl  he  had  gone 
to  school  with  had  come  back  and  the  center  of  her 
hand  had  been  cut  and  the  cords  had  been  pulled  out— 
this  letter  was  from  his  own  mother — and  this  girl  will 
remain  that  way  for  the  remainder  of  her  life.  I  asked 
him  if  he  thought  it  was  correct,  and  he  said.  "  One  word 
in  it  is  only  sufficient.  My  mother  doesn't  lie."  No 
mother  on  earth  would  write  such  a  letter  to  her  son  if  it 
were  not  the  case. 

We  went  to  France.  If  we  went  into  a  French  village, 
what  did  we  see  ?  Not  those  awful,  unspeakable  atrocities 
— it  was  the  army  of  the  original  expeditionary  force — but 
wc  saw  the  results  of  it.  We  would  go  into  a  place  and  find 
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half  a  dozen  children  in  that  time  minus  their  hands.  We 
would  see  another  case  where  a  young  girl  was  minus  an 
arm  up  to  the  elbow.  That  is  the  German  method ;  and 
in  one  case  in  particular,  at  a  village  called  Givenchy.  there 
is  a  little  town  near  it,  and  in  this  village  lived  this  girl 
and  family— a  mother  and  father,  two  younger  brothers, 
and  a  sister.  The  Germans  broke  in  that  place.  They 
took  the  father  and  ran  him  thru.  That  is  nothing.  They 
tied  the  mother  to  a  door  and  violated  that  young  girl  in 
the  presence  of  the  mother,  and  stood  those  two  brothers 
up  and  held  a  bayonet  at  them,  and  when  that  was  done 
they  murdered  them.  That  is  the  German  nation.  No. 
we  are  not  fighting  the  Kaiser !  But  every  one.  regard- 
less of — whether  man.  woman,  or  child  that  stands  behind 
the  principle  of  Kaiserism — whether  German,  Austrian, 
Bulgarian,  or  Turk,  it  make  no  difference.  The  l  urk  is 
not  half  as  bad  as  the  German  himself.  And  we  have 
proof  of  that  on  the  battlefield  itself.  For  instance,  at 
Festubcrt  they  took  twenty-four  of  our  men  and  stripped 
them  stark  naked  off  on  the  front-line  trench.  They  kept 
them  there  over  night,  and  this  was  on  the  24th  of  May. 
At  daybreak  they  drove  them  at  the  point  of  a  bayonet 
and  turned  on  them  a  machine  gun  and  mowed  them 
down.  Is  it  any  wonder  that  we  took  a  revenge  we  were 
justified  in?  , 

There  was  another  thing  also  the  Germans  did — the 
time  they  crucified  those  sailors  at  St.  Eloi.  Our  watch- 
word was.  "  There's  many  a  slip  betwixt  the  cup  and  the 
lip."  The  Germans  we  took  prisoners  had  to  be  wounded, 
helpless  men,  because  we  were  not  collecting  souvenirs. 

What  I  have  told  yon  just  shows  the  German  char- 
acter. But  to  go  back  and  come  down  to  that  period  in 
the  front  line  when  we  stood  up  there  with  nothing 
in  our  hands,  simply  flesh  and  blood  against  iron  and  steel, 
and  then  at  this  crisis  people  stand  back  and  say.  "  Will 
the  line  break:-"  No'  It  will  not  break!  Not  in  a 
thousand  years!  Our  line  may  bend,  but  it  won't  break. 
It  cannot  break,  because  if  it  did  break  you  may  just  as 
well  go  out  and  look  for  six  feet  of  ground  somewhere, 
look  into  it,  and  pull  it  in  after  you. 

At  Givenchy,  in  June.  1915.  we  were  fifteen  yards 
from  the  German  front  line.  I  thought  you  might  be  in- 
terested in  knowing  how  we  got  those  trenches  up.  If 
you  cannot  imagine  it,  try  it  some  night  when  you  go 
home.  Go  into  the  back  yard  and  get  a  pick  and  shovel 
and  get  a  pillow-slip  to  make  you  think  it  is  a  sand-bag. 
and  then  dig  a  hole  three  feet  six  inches  across  the  top, 
the  >ame  across  the  bottom  and  about  three  feet  deep. 
See  how  long  it  will  take  you ;  see  how  soon  you  will  get 
thru.  We  had  to  do  that  all  the  time,  and  the  only  time 
we  could  work  was  at  night.  With  all  that  work  going 
on  it  is  surprising  how  small  a  portion  of  France  you 
yourself  individually  occupy,  but  once  you  realize  you  are 
only  a  small  thing  you  arc  all  right.  It  takes  some  people 
a  long  time  to  realize  that. 

We  were  fifteen  yards  from  the  German  front  line 
at  a  place  called  Duck's  Bill,  and  the  Germans  were 
throwing  bombs  at  us.   We  had  none,  so  we  made  some. 
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We  did  not  even  have  a  bombing  school  behind  the  line 
at  that  period,  and  it  was  not  until  the  end  of  June,  1915, 
that  we  established  our  first  bombing  school.  After  that 
each  man  went  back  for  ten  minutes'  instruction,  and  he 
was  supposed  to  be  qualified  at  the  end  of  that  time.  Some 
were  and  some  were  not.  They  were  bombers  just  the 
same.  However,  we  got  up  at  the  bombing  line.  We 
took  these  pound  tins  of  jam.  We  would  have  apple  and 
plum  to-day,  plum  and  apple  to-morrow,  and,  by  way  of 
variety,  apple  and  plum  the  next  day.  After  eating  the 
contents  of  a  can  we  would  save  it,  and  then  we  would 
give  it  to  a  bombing  school  we  were  instructing.  We 
would  take  bullets  from  cartridges,  nails,  little  pieces  of 
pebbles,  and  then  would  wrap  them  into  the  tin  and  put  a 
five-second  fuse  in  it  and  carry  it  up  to  the  front  line 
with  us,  and  get  into  the  front  line  and  start  tossing  over 
a  piece  of  beef — bull  beef  or  anything  at  all.  That  is 
"  fraternizing  "  with  the  enemy,  yet  at  the  same  time  it 
was  with  an  object,  and  then  Fritz  wanted  more.  We 
would  sing  the  "  Wacht  am  Rhein,"  and  at  a  given  signal — 
one,  two,  three — throw  over  a  bomb  and  yell.  "  Ah, 
Fritz,  you  have  it  among  you !"  But  he  always  got  sore. 
Aside  from  that,  there  is  always  a  climax.  After  we  had 
finished  all  this  we  would  always  sing,  winding  up  with 
the  "  Wacht  am  Rhein."  and  that  always  started  a  fight. 
So  the  best  thing  was  to  keep  quiet. 

Another  thing  happened  recently,  and  that  probably 
has  been  brought  home  to  you  more  than  ever,  and  that 
is  this  long-range  bombardment  of  Paris.  It  accomplishes 
nothing.  It  is  almost  as  bad  as  getting  over  an  open  town 
and  bombing  it  from  10.000  feet  in  the  air.  There  is  no 
military  damage  done—  just  simply  slaughtering  the 
women  and  children.  People  say.  "  Why  don't  wc  have 
reprisals?"  I  will  tell  you  why.  We  bombard  open 
towns  only  if  we  can  hit  the  railway  station.  The  reason 
we  do  not  bombard  open  towns  is  this:  We  arc  better 
than  the  Germans  ever  thought  of  being.  Wc  do  not 
have  to  dirty  our  hands.  We  do  not  have  to  commit  mur- 
der. And  wc  are  not  fighting  women  and  children.  We 
are  going  to  win.  Wc  must  win.  We  can  win.  But  we 
cannot  win  if  the  people  behind  us  fail,  because  it  takes 
nine  men  to  keep  one  in  the  front-line  trenches;  it  takes 
approximately  nine  tons  of  shipping — one  ton  to  get  a 
man  there  and  eight  tons  to  keep  him  there ;  that  is  as  near 
as  it  can  be  figured  out.  And  when  I  say  nine  men  I  mean 
for  even  man  that  stands  behind  the  men  that  are  there 
it  takes  just  nine  men — the  man  on  the  lines  of  com- 
munication, the  man  on  the  transportation,  in  the  ship- 
vards.  and  in  the  munition  factory. 

Here  is  another  thing:  In  Great  Britain  they  said  they 
had  to  have  Zeppelin  raids  before  England  woke  up.  In 
ten  days  those  little  islands  of  Great  Britain  had  100.000 
volunteers;  in  six  weeks.  1. 000.000;  in  twenty-one 
months  of  war.  5.000,000  volunteers  before  they  put  con- 
scription into  effect  I  have  to  tell  you  this,  and  this  is 
a  fact :  we  have  under  arms  to-day,  so  far  as  the  British 
F.mpire  is  concerned,  about  8,000.000  men.   We  arc  fight- 
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ONE  of  the  most  important  and  significant  conven- 
tions held  in  any  city  of  the  country  will  meet  in 
Philadelphia  on  Thursday  and  Friday,  May  16 
and  17.  It  will  be  important  from  the  stand]>oint  hoth 
of  the  individual  and  of  the  nation,  in  that  it  has  to  do 
with  the  course  this  country  and  the  other  great  powers 
will  take,  at  the  close  of  the  war,  to  secure  and  maintain 
a  permanent  peace. 

The  convention  is  entitled  a  "  Win  the  War  Conven- 
tion," and  it  is  to  be  held  under  the  auspices  of  the  League 
to  Enforce  Peace.  The  League  was  organized  in  Phila- 
delphia, at  Independence  Hall,  two  years  ago,  under  the 
presidency  of  Former  President  of  the  United  States, 
William  Howard  Taft,  who  is  still  its  chief  executive. 

Briefly,  the  object  of  the  League  is  to  have  this  country 
lead,  or  join  in.  a  movement  for  a  League  of  Nations 
binding  the  signatories  to  the  following : 

First:  All  justiciable  questions  arising  between  the 
signatory  powers,  not  settled  by  negotiation,  shall,  sub- 
ject to  the  limitations  of  treaties,  be  submitted  to  a  judicial 
tribunal  for  hearing  and  judgment,  both  upon  the  merits 
and  upon  any  issue  as  to  its  jurisdiction  of  the  question. 

Second:  All  other  questions  arising  between  the  signa- 
tories and  not  settled  by  negotiation  shall  be  submitted 
to  a  Council  of  Conciliation  for  hearing,  consideration, 
and  recommendation. 

Third:  The  signatory  powers  shall  jointly  use  forth- 
with their  economic  and  military  forces  against  any  one  of 
their  number  that  goes  to  war.  or  commits  acts  of  hostility, 
against  another  of  the  signatories,  before  any  question 
arising  shall  be  submitted  as  provided  in  the  foregoing. 

Fiiurlh:  Conferences  between  the  signatory  powers 
shall  be  held  from  time  to  time  to  formulate  and  codify 
rules  of  international  law  which,  unless  some  signatory 
shall  signify  its  dissent  within  a  stated  period,  shall  there- 
after govern  in  the  decisions  of  the  Judicial  Tribunal 
mentioned  in  Article  One. 

These  objects  of  the  League  will  be  discussed  at  the 
two-days'  meeting  by  some  of  the  ablest  speakers  in  the 
country.  The  meetings  during  the  day  will  be  held  in 
Witherspoon  Hall,  and  the  big  evening  meeting  of  Thurs- 
day will  be  in  the  Academy  of  Music. 

The  first  of  the  sessions  will  be  held  in  Witherspoon 
Hall  on  Thursday  morning,  at  ten  o'clock,  and  it  will  be 
known  as  the  "  Keynote  Session."  The  first  speaker  is 
George  Wharton  Pepper,  of  Philadelphia,  chairman  of 
the  State  Committee  of  Fublic  Safety,  and  his  subject  will 
be,  "A  Struggle  for  World  Freedom."  Mr.  Pepper  will 
be  followed  by  the  president  of  the  league,  William 


Howard  Taft,  who  will  speak  on  "  America  Seeing  It 
Thru."  Three  other  important  addresses  will  also  be  de- 
livered at  this  meeting,  by  Edward  A.  Filcne.  Dr.  A.  Ijw- 
rence  Lowell,  president  of  Harvard  University,  and 
Stephen  A.  Wise.  Their  subjects  respectively  are:  "The 
War  and  the  Individual,"  "  Safeguarding  the  Future," 
and  "  Battling  for  a  New  World." 

At  the  afternoon  session  of  Thursday  the  general  sub- 
ject will  be  '•  What  We  Are  Fighting  Against."  This 
meeting  will  be  devoted  largely  to  Germany  and  the  gov- 
ernmental elements  of  that  power  which  have  controlled 
for  so  long  and  which  have  precipitated  the  terrible  dis- 
aster from  which  the  whole  world  is  now  suffering. 

The  meeting  will  be  opened  by  Richard  Heath  Dabney, 
who  will  discuss  "  Germany's  Dream  of  Dominion,"  fol- 
lowed by  W.  Morgan  Shuster,  whose  subject  will  be 
"  An  Efficiency  Without  Soul."  John  Spargo  will  be  the 
next  speaker  and  he  will  talk  on  "  A  '  Made  in  Germany ' 
Socialism."  Dr.  Anna  Howard  Shaw  will  speak  on 
"  The  Degradation  of  C  hildhood  and  Womanhood,"  and 
she  will  be  followed  by  Charles  B.  Flliott  on  "  German 
Exploitation  of  Backward  Peoples."  The  session  closes 
with  an  address  by  Robert  McElroy,  "Kultur:  Its  At- 
tempt to  Educate  the  World." 

The  big  meeting  of  the  convention  will  be  held  on 
Thursday  evening  in  the  Academy  of  Music.  The  gen- 
eral subject  is  "  What  Democracy  Would  Face  if  it  Lost 
the  Fight,"  and  the  unenviable  position  of  the  democra- 
cies of  the  world  in  case  of  a  German  victory  will  be 
clearly  set  forth  by  >ome  of  the  leading  students  of 
sociology  and  of  politics  in  its  widest  sense  that  the 
country  possesses.  Franklin  II.  Giddings  will  open  the 
session  with  an  address  on  "  The  Collapse  of  Civilization 
in  the  Next  War,"  followed  by  Prof.  Leo  S.  Rowe,  who 
takes  for  his  subject,  "  Armament  and  Taxation."  Oscar 
S.  Straus  will  discuss  "  A  War  Basis  for  Business  and 
Labor,"  and  then  will  come  two  of  the  best-known 
speakers  who  will  he  in  attendance  at  the  convention — 
Dr.  Lyman  Abbott,  who  will  speak  on  "  A  Subordination 
of  Democratic  Freedom  to  a  Prussian  Discipline,"  and 
Charles  F.vans  Hughes,  former  Governor  of  Xew  York, 
whose  subject  will  he  "  A  Lawless  World." 

'The  first  of  the  Friday  sessions  will  be  held  at  ten 
o'clock,  at  which  the  keynote  will  be  "  A  Program  of 
Constructive  Patriotism."  'The  speakers  are  Henry  Van 
Dyke,  Lyman  P.  Powell,  Charles  S.  Mcdbury,  and  Charles 
S.  Ward.  Doctor  Van  Dyke  will  take  as  his  subject, 
"  Fighting  for  Peace,"  and  he  will  be  followed  by  Mr. 
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Powell,  who  will  discuss  "  The  Goal  of  Sacrifice  and 
Service."  Mr.  Mcdbury  talks  upon  "  Mobilizing  the  Mind 
of  America,"  and  Mr.  Ward  closes  the  meeting  with  an 
address  on  "  A  Program  of  Action  for  the  League.*' 

In  the  afternoon  there  will  be  two  simultaneous  ses- 
sions, one  at  Withcrspoon  Hall,  at  which  the  general  sub- 
ject will  be  "  A  League  of  Nations — America's  Responsi- 
bility and  Duty."  Dr.  Talcott  Williams,  formerly  of  this 
city,  and  one  of  Philadelphia's  most  distinguished  men, 
now  in  charge  of  the  Pulitzer  School  of  Journalism  in 
New  York  City,  will  open  the  session  with  a  paper  on  "A 
Monroe  Doctrine  for  the  World,"  to  be  followed  by  Her- 
bert S.  Houston,  who  speaks  on  "  Commerce  and  the 
Mailed  Fist."  Mr.  Houston  will  be  succeeded  by  the 
Hon.  John  Sharp  Williams,  who  will  discuss  "  The  Only 
Peace  Worth  Having,"  and  the  Rt.  Rev.  Thomas  J. 
Shahan,  who  talks  on  "  Shaping  the  World's  Ideals."  The 
meeting  will  close  with  an  address,  "  A  New  Order  of 
International  Cooperation,"  by  William  English  Walling. 

Simultaneously  with  this  meeting,  there  will  be  a  con- 
ference of  governors  and  former  governors  in  Independ- 
ence Hall.  Attracted  by  the  international  importance  of 
this  convention,  many  of  the  governors  of  the  principal 


states  of  the  Union  have  accepted  invitations  to  be  present 
and  participate.  This  meeting  will  be  presided  over  by 
former  governor  of  New  York  state,  Charles  Evans 
Hughes,  and  the  address  of  welcome  will  be  delivered  by 
Governor  Martin  G.  Brumbaugh,  of  Pennsylvania.  A 
large  number  of  former  governors,  in  addition  to  those 
now  in  office,  some  of  them  of  national  reputation,  will 
be  present,  and  possible  Gubernatorial  action  in  further- 
ance of  the  League's  plans  will  be  discussed. 

In  the  evening  there  will  be  an  Allied  W  ar  Dinner  at 
seven  o'clock  in  the  Bellevue-Stratford  Hotel.  Mr.  Taft 
will  preside  as  toastmaster,  and  the  speakers  will  be  Lord 
Reading  for  Great  Britain,  Ambassador  Jusserand  for 
France,  Viscount  Ishii  for  Japan,  General  Guglielnotti 
for  Italy,  and  Secretary  of  the  Navy  Daniels,  Judge  Alton 
B.  Parker,  and  Nicholas  Murray  Butler  for  the  United 
States.    This  dinner  will  close  the  convention. 

Philadelphia  can  well  give  its  heart)'  support  to  this 
movement,  which  has  so  much  behind  it  for  the  welfare 
of  the  world.  It  aims  simply  to  make  the  world  a  better 
place  to  live  in  after  the  war,  and  to  render  impossible 
a  repetition  of  the  calamity  which  has  drenched,  civiliza- 
tion in  blood. 


"MY  EXPERIENCES  AT  THE  FRONT-' 

I  f'ontinrtnl  from  I'ayt  ) 


ing  this  war  in  many  places.  We  are  fighting  it  in  India ; 
we  are  fighting  it  in  Africa;  we  are  fighting  it  in  Italy; 
we  are  fighting  it  in  Salonika;  we  are  fighting  it  in  a 
dozen  different  places,  and  it  was  only  a  short  whlie  ago 
that  the  actual  frontage  was  thirty-six— thirty-six  actual 
fronts  we  were  carrying  this  war  on — and  that  takes  men. 
But  do  not  think  that  we  are  the  only  ones.  We  arc  not. 
When  this  war  is  over  Great  Britain  cannot  say  she  won 
the  war.  France  cannot  say  that  she  won  the  war,  nor 
can  Italy,  nor  America.  The  only  way  to  look  at  it  is  that 
av  won  the  war,  all  combined,  because  there  is  not  one 
nation  on  the  face  of  this  earth  that  had  one  ghost  of  a 
chance  against  Germany  alone,  because  it  had  come  down 
to  the  system  of  organizing  every  last  resource  in  its  pos- 
session. The  reason  there  is  such  divergence  of  opinion 
is  that  we  are  a  free  people— the  French,  Italians,  Eng- 
lish, and  Americans  are  not  going  to  allow  anyone  to  dic- 
tate to  them  in  politics.  Germany  has  her  people  under 
her  thumb  if  they  do  not  live  up  to  the  mark.  For  in- 
stance, take  Relgium.  The  people  were  driven  to  work 
at  the  point  of  the  bayonet.  The  women  have  been  forced 
to  work  in  the  fields.  They  have  done  it  with  their  own 
people;  we  know  that,  and  then  people  say.  "  How  is  it 
that  the  Germans  can  throw  up  a  mass  of  men  on  the 
front?"  That  is  what  they  are  depending  upon  all  the 
time — their  man-power. 

You  can  rest  assured  that  this  is  practically  the  last 
time  the  Germans  will  be  on  the  offensive.  I  say  that 
because  we  have  not  used  one  of  our  reserves  on  this  front. 
In  this  scrap  we  are  waiting,  and  the  same  thing  will  occur 
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here  that  occurred  at  Ypres  in  1915;  the  same  thing  that 
occurred  at  the  third  battle  of  Ypres  in  1916,  only  our 
line  was  again  broken — and  it  was  broken  then,  not  bent. 
The  Prussian  colonel  came  behind  the  line,  and  out  of 
12,000  men  that  went  in,  there  were  only  2000  left.  He 
came  hack  and  when  he  saw  the  results  he  cried  like  a 
child  and  said,  "  My  God !  Had  we  known  it !"  That  is 
why  they  are  not  going  to  get  thru  now.  because  Germany 
cannot  keep  up  this  offensive  and  pay  the  price  wc  de- 
mand. And  yet  you  hear  these  people  who  stand  behind 
us — for  instance,  I  am  going  to  name  a  man  over  in 
Britain — Ramsay  MacDarnold — a  pacifist  who  wanted  to 
go  to  Russia.  The  English  firemen  and  sailors  said  they 
would  not  take  him  unless  he  signed  a  document  to  this 
effect :  "  I  believe  in  the  just  demands  of  the  British  Labor 
Party,  that  Germany  shall  pay  for  and  make  reparations 
for  the  wrongs  and  murders  committed  upon  the  sailors 
and  their  families  in  this  war."  And  when  he  signed  it 
they  took  him  to  Russia,  and  they  would  not  bring  those 
men  across  here  for  the  same  reason. 

We  have  not  only  got  to  fight  this  war  over  there. 
We  have  got  to  see  that  the  people  who  are  over  yonder 
get  a  square  deal — clothing,  food,  ammunitions,  and 
everything  that  they  need ;  for.  after  all,  if  a  man  is  will- 
ing to  go  and  make  sacrifices,  surely  he  is  worth  standing 
up  for,  and  remember  he  is  protecting  you,  he  is  protect- 
ing your  wife,  her  honor,  your  sister's  and  your  mother's, 
maybe.  But  there  is  one  sure  thing:  he  is  protecting  his 
government,  his  principles,  and  democracy  for  all  time, 
because  wc  are  going  to  win ! 
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THE  MUCH-ABUSED  TERM  "MASS"  IN  ENGINEERING 

CALCULATIONS 

By  CARL  HERING 
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N  the  December  Journal,  Dr.  Carl  Hering,  discus- 
sing "  mass  "  formulas,  says: 

"The  engineer.  .  .  .  when  he  ex- 
presses the  masses  in  some  of  these  formutae 
in  terms  of  the  usual  well-known  units  of  mass. 
.  .  .  sometimes  finds  that  he  gets  totally 
wrong  results,  about  10,  30.  or  1000  times  too 
great." 

But  happily,  as  Dr.  Hering  further  says; 

"  There  is  really  no  reason  why  there  should 
be  any  confusion  at  all."  and  "the  confusion 
.  .  .  lies  entirely  in  the  incorrect  interpreta- 
tion of  the  results." 

No  one  need  get  "  totally  wrong  results  "  from  the 


Discussion  by  John  C  Trautwine,  J*. 
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but.  if  we  think  it  advisable  thus  to  abandon  the  C.G.S. 
system,  with  its  dyne  and  its  centimetre,  and  to  adopt 
another  system,  having  a  force  unit  —  981  dynes,  we 
may  do  so  without  going  wrong,  protided,  of  course, 
(1)  that  we  make  any  necessary  and  corresponding 
changes  in  the  values  of  our  other  units  inseparably 
bound  up  with  the  force  unit :  and  (2)  that  we  do  not 
court  confusion  by  applying  (for  instance)  the  name 
of  a  mass  unit  to  a  force  unit. 

In  order  to  avoid  hopeless  and  wholly  unnecessary  am- 
biguity, we  will  call  this  new  force  unit  (=  981  dynes) 
one  "  gryne,"  instead  of  one  "  gram." 

As  we  have  seen,  the  gryne.  being  981  dynes,  gives  to 
unit  mass  (1  gram  )  an  acceleration  of  981  times  the 
unit  acceleration  (lem./sec.  sec  >  of  the  C.G.S.  system; 
and  (if  we  are  to  retain  the  gram  as  our  mass  unit) 
accepted  formula?,  provided  only  that  he  wilt  use  the  this  greater  acceleration  (  981  cm.,  sec.  sec.)  must  now  be 
proper  units  and  «•;//  respect  the  perfectly  rational  rules  called  "unity,"  because  our  adopted  unit  force  (such  as 
of  the  game  the  gryne  )  must  give  unit  acceleration  to  our  adopted 

In  any  system,  the  force  nnit  is  that  force  which  gives    unit  mass. 
unit  acceleration  to  the  unit  of  mass.  In  other  word.-,  we  must  now  adopt  a  new  length  unit, 

In  the  C.G.S.  <  centimetre-gram-second )  system,  that  "81  centimetre- =  32.2  feet.  We  w  ill  coin  the  name 
unit  acceleration  is  1  cm.,  see.  sec. ;  and  the  unit  force,  "  metrog  "  for  this  new  length  unit,  devised  in  order 
which  gives  this  unit  acceleration  to  unit  mass  (1  gram),  that  (if  we  please  »  we  may  use  the  gryne  without 
is  1  dyne.  inviting  new  confusion. 

In  the  same  C.G.S.  system,  the  -weight  of  a  gram  of  Adopting,  as  a  force  unit,  the  "gram,"  (which 
mass  is  a  force  which  gives  that  same  mass  i  1  gram)  981  1  call  the  gryne),  one  thus  abandons  the  *'  C.G.S."  (cenU- 
times  the  unit  acceleration.  Therefore,  in  the  C.G.S.  wrWrc-gram-sccond)  system,  ;uid  passe-  over  to  a  new 
system,  the  weight  of  a  gram  of  mass  is  981  dynes.  "  M.G.S."  (  wr/roy-gram-secmid  )  system. 

But  "  the  man  in  the  street  "  loosely  says  that  a  The  two  systems  are  illustrated  side-by-side  in  the  fol- 
ship  measures  so  many  tons,  misapplying  the  name  lowing  tabulation  of  Doctor  Herings  cited  case  of  a 
("ton")  of  a  zeeight  unit  to  a  volume  unit ;  and  it  i<  a  very    mass  of  3  grams,  moving  w  ith  a  velocity  of  4  cm. /sec. ; 

where,  as  Doctor  Hering  shows,  24  dyne-centimetres  of 
work  have  been  exchanged  for  their  equivalent  in  ki- 
netic energy. 


common  practice,  even  among  scientists,  to  say : 
"  a  gram  of  mass  weighs  a  gram  !" 


Wc  thereby  similarly  misapply  the  name  ("  gram  ")  of 
a  mass  unit  to  a  force  unit;  and.  moreover,  we  mix  up 
the  C.G.S.  system  and  another  system  in  a  single  expres- 
sion, substituting  the  miscalled  "gram'"  (of  force!)  for 
the  equivalent  981  dynes  of  the  C.G.S.  system,  without 
making  a  necessary  change  in  one  of  the  other  two  fac- 
tors, m  and  g. 


Following  Doctor  Hering,  the  writer  assumes  that, 
in  each  case,  the  given  velocity  has  been  generated  in 
one  second  ;  so  that  velocity,  r,  —  acceleration,  a. 

In  the  upper  part  of  this  table,  using  the  formula, 
m  —  11,  g,  we  deduce  the  mass,  m.  of  the  body,  from  its 
weight,  IF.  In  the  lower  part  we  follow  Doctor  Hering 
in  deducing  the  amount  of  work  exchanged  for  kinetic 


Hence,  of  course,  results  confusion  worse  confounded  ;  energy  in  generating  the  given  velocity. 
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cos. 

M.G.S. 

2MJ  dynes 

J  grrn«i 

Gravity  accet.  t 

oa|  cm..  tec  tec. 

I  mtu>i|.'iic  wc, 

Mass,  m  "  H'/j 

3  grams 

3  grams 

Time,  t 

1  second 

1  second 

Acceleration,  a 

4  cra./sec..  sec. 

^  metrog/sec./  sec. 

Velocity,  r  —  /  a -a 

4  cm. /sec. 

—  metrogsec. 

Distance.  d-rt, 2-»,  2 

2  cm. 

iil  raetr°e 

Force. /-m  a 

12  dynes 

^gryne 

Work,*-/.* 

24  dyne-cms. 

gryne-metrogs 

Doctor  Hcring  refers  to  the  gravity  acceleration,  g, 
as  "  an  unwelcome  intruder,"  and  suggests  that  it  would 
be  better  to  "  cut  it  out."  Incidentally,  the  M.G.S.  sys- 
tem has  this  advantage,  that  it  does  "  cut  out  "  g  by 
making  it  unity ;  and  one  is  tempted  to  wish  that  the 
founders  of  the  metric  system  might  have  found  it  prac- 
ticable to  establish  that  system  upon  a  length  unit  = 
twice  the  distance  traversed  by  a  falling  body  during 
the  first  second  of  its  fall.  We  should  then  have  had 
g  —  1,  and  the  present  discussion  need  not  have  been 
written. 

If,  even  with  the  savant-made  metric  system,  scien- 
tists acquiesce  in  the  popular  monstrosity : 
*'  a  gram  of  mass  weighs  a  gram," 
we  cannot  wonder  that  they  say,  also,  in  our  archaic 
English  units : 

"  a  lb*  of  mass  weigiis  a  pound*  "; 

for  this  had  been  the  universal  practice  for  centuries 
before  scientists  found  it  convenient,  for  their  purposes, 
to  say,  instead : 

"  a  lb.*  of  mass  weighs  32.2  poundals," 

a  statement  without  meaning  for  the  man  in  the  street. 

In  working  out  Doctor  Hering's  example,  above,  we 
chose  to  keep  our  mass  unit  (the  gram)  constant,  and 
made  the  necessary  adjustment  (for  the  new  force  unit, 
the  grync,  =981  dynes  I  in  the  acceleration  unit,  raising 
this  to  981  times  1  cm.  sec. /sec. 

But,  in  English  measures,  when  the  "  pound "  * 
(=32.2  poundals)  is  adopted  as  force  unit,  instead  of  the 
poundal  itself,  then,  instead  of  raising  the  acceleration 
unit,  as  before,  it  is  customary  to  leave  it  constant,  at 
I  ft. /sec./ sec.  and  to  make  the  necessary  adjustment  in 
the  mass  unit,  raising  this  from  1  lb.*  to  l  "  matt,"  =  32.2 
lbs* 

We  thus  have  two  pairs  of  systems  of  units,  comparing 
as  follows: 

*  Seeking  lo  mitigate  the  confusion  inseparable  from  the 
misuse  of  the  word,  "  pound  "  to  mean  sometimes  a  force  and 
sometimes  a  mass,  we  here  make  the  arbitrary  distinction  of 
spelling  out  the  word.  "  pound."  for  the  force  unit  of  system 
B  2,  and  abbreviating  this  to  "  lb."  for  the  mass  unit  of  system 
B  1;  "1  pound  "  being  the  force  (=  32.2  poundals).  which  gives 
32.2  ft./sec/sec.  acceleration  to"l  lb."  of  mass. 
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System                    Farce  unit 

Masi  unit 
1  cram 

Acceleration  unit 

A  1.  CcDtioicter-itr&ni-scc.  1  dyne 
A  2.  M*trog-gi»nnccond    1  grynt 

"Wll  dynes 

1  cm  ...  sec ..  tec. 
1  meirtu  »«,  tec. 
•  «*lcm.  i«c  ,  tec. 

B  1.  Foot-lb'-second         1  pognda! 
B  1-  Foot-in att-tecond       I  pound  • 

-ji.3  jKwndala 

1  lb.» 
I  matt 

1  it.  tec.,  tec. 
1  ft  tec.  toe. 

Wc  get  into  trouble  (as  we  deserve)  only  when  we 
do  violence  to  one  of  these  two  pairs  of  systems,  by  un- 
warrantedly  "  crossing  "  the  units  of  its  two  members  ;  as 
when  we  use  the  grytic  (the  miscalled  '"gram  ")  of  force, 
of  A  2,  in  improper  connection  with  the  gram  and  the 
cm.  sec.  sec.  of  A  1 ;  or  when  we  use  the  "  pound  "  *  force 
of  B  2  (=32.2  poundals)  in  connection  with  the  lb.* 
mass  and  the  1  ft.  sec.  sec.  acceleration  of  B  I. 

Of  course,  the  punishment  fits  the  crime — or,  rather 
(to  use  language  more  nearly  worthy  of  engineers), 
the  consequence  fits  the  blunder. 

John  C.  Trautwine.  Jr. 

Reply  by  Carl  Hering 

Instead  of  simplifying  things.  Mr.  Trautwinc's  pro- 
posed complicated  and  involved  new  system  and  new 
units  make  the  already  existing  confusion  far  worse. 
Can  there  be  anything  simpler  and  less  confusing  than 
to  say  that  in  the  usual  formula  >/,»n~  one  can  correctly 
substitute  the  mass  in  pounds  and  the  velocity  in  feet 
per  second,  and  that  the  answ  er  will  then  necessarily  be 
in  the  corresponding  existing  unit  foot- poundals, 
which  are  easily  reduced  to  foot-pounds  by  dividing  by 
gf  Or,  expressed  >till  more  briefly  (tho  then  lacking  the 
derivational  feature)  by  O.OL554  mr7  —  foot-pounds,  in 
which  m  is  in  pounds? 

It  is  always  objectionable  to  confuse  and  burden  the 
mind  by  creating  new  units  and  names  when  the  existing 
ones  are  in  every  way  ample.  It  is  for  this  very  reason 
that  this  article  was  written  <  sec  Tub  Journal,  December, 
1917,  page  571),  opposing  that  unnecessary,  confusing, 
second  and  unnamed  set  of  units  of  mass,  w  g,  used  in  so 
many  text-books.  In  opposing  unnecessary  additional 
units  most  engineers  will  agree  heartily  with  me.  Excep- 
tional cases  sometimes  arise  (one  of  which  was  referred 
to  in  the  above  article)  in  which  a  new  unit  is  very 
desirable  and  even  necessary,  and  in  that  case  it  should, 
of  course,  be  named;  sometimes  this  is  justified  even 
when  a  sister  unit  already  exists,  as  in  that  great  time- 
saving  unit  of  cross-section,  the  circular  inch,  even  tho 
the  square  inch  existed  before.  But  Mr.  Trautwine's 
proposed  new  units  are  quite  unnecessary,  as  we  can  do 
all  we  need  to  do  quite  well  without  them. 

To  state  that  terms  are  "  misapplied  "  when  the 
term  gram  (or  pound)  at  one  time  is  applied  to  a  unit  of 
mass  and  at  another  time  to  a  unit  of  force  (weight), 
is  in  direct  opposition  to  the  technical  community,  to 
general  and  good  practice,  to  the  Bureau  of  Standards, 
to  the  Government,  and  even  to  the  phraseology  used 
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in  the  legal  definitions  of  the  standards  or  their  inter- 
pretation. 

Legally  what  we  call  our  weights  are,  for  good 
reasons,  defined  as  masses;  a  pound  is  therefore  cor- 
rectly a  unit  of  mass;  but  all  engineers  know  that  a  foot- 
pound is  a  well-recognized  and  very  frequently  used 
unit  of  energy,  and  that  the  term  "  pound  "  in  this  unit 
is,  of  course,  a  unit  of  force  and  not  of  mass;  a  foot- 
pound is  the  work  done  by  a  pound  of  force  acting  thru 
a  foot,  as  every  one  knows;  a  pound  of  force  is  therefore 
a  well-recognized  unit  of  force,  even  far  better  known  and 
far  more  frequently  used  than  its  sister  unit,  the  poundal. 
Both  uses  of  the  term  pound  therefore  being  common, 
accepted,  well-justified  in  practice,  and  indisputably  cor- 
rect, there  is  no  "  misapplication  "  in  using  the  unit  pound 
sometimes  as  a  mass  and  sometimes  as  a  force.  It  is 
unfortunate,  but  it  is  not  incorrect,  and  is  general  practice. 

There  are  therefore  in  good  usage  two  units  of  force 
connected  with  the  pound ;  the  more  usual  one  is  the 
pound  of  force  (the  weight),  as  in  the  foot-pound,  and 
the  less  usual  one  the  poundal,  based  on  the  acceleration 
as  defined  in  the  article ;  it  is  quite  correct  to  use  cither, 
hence  we  use  the  one  best  adapted  to  any  particular  prob- 
lem, or  necessarily  resulting  from  some  formulx. 

This  does  not  involve  any  "  mixing  up "  of  the 
C.G.S.  and  other  systems,  or  "  thus  abandoning  "  this 
extremely  useful  system,  which  no  physicist  would 
dream  of  doing  until  a  better  one  has  been  devised  and 
universally  accepted.  The  C.G.S.  system  is  based  on 
the  centimeter,  the  gram  (mass),  and  the  second  as  the 
fundamental  units,  as  its  name  specifics.  When  all 
engineers  speak  of  a  "  foot-pound  "  as  meaning  a  pound 
of  force  acting  thru  a  distance  of  a  foot,  we  arc  in  no 
way  "  mixing  up  "  anything.  liven  in  the  C.G.S.  sys- 
tem the  precisely  analogous  unit  gram-centimeter  is 
used,  is  correct,  and  is  justified  (barring  the  variations 
of  g),  notwithstanding  the  existence  there,  too,  of  the 
corresponding  sister  unit,  the  more  fundamental  dyne- 
centimeter  or  erg;  one  can  ami  does  use  either  without 
"  misapplication  "  or  "  mixing  up."  In  using  the  gram, 
pound,  or  kilogram  as  units  of  forces  equal  to  their 
weights  the  C.G.S.  system  is  not  being  "  abandoned." 
All  these  units  have  been  very  fully  explained  in  my 
book  of  conversion  tables,  and  no  error  or  inconsistency 
in  reference  to  them  has  ever  been  pointed  out,  altho 
the  tables  have  been  published  for  many  years. 

It  is  not  only  "  common  practice  "  but  also  almost 


universal  usage,  and  is  considered  perfectly  correct,  to 
say  that  "  a  gram  of  mass  weighs  a  gram  "  (barring,  of 
course,  the  variations  of  g) ;  much  confusion  would  arise 
if  this  were  now  forbidden !  It  would  strike  at  the  very 
root  of  an  enormous  number  of  engineering  calculations, 
as  our  favorite  energy-units,  foot-pounds,  and  kilogram- 
meters  would  then  have  to  be  abolished. 

Mr.  Trautwine's  definition  of  the  unit  of  force  is  based 
only  on  acceleration  and  mass :  force  —  mass  X  acceler- 
tion.  As  a  matter  of  fact,  in  probably  999  cases  out 
of  1000  in  engineering  calculations  the  practical  unit 
of  force — namely,  the  pound  or  kilogram — is  based  on 
the  other  derivative  formula:  force  X  distance  = 
energy,  a  much  simpler  formula,  in  which  neither  mass 
nor  acceleration  is  a  factor.  Both  are,  of  course,  cor- 
rect, and  in  any  complete  system  either  or  both  can 
be  used ;  it  is  merely  a  matter  of  convenience.  In  the 
C.G.S.  system  the  former  is  more  generally  used ;  in  our 
everyday  system,  the  latter.  The  only  objection  to 
using  the  pound  as  a  unit  of  force  is  that  it  is  not  quite 
as  constant,  owing  to  the  variation  of  gravity;  but  in 
almost  all  engineering  calculations  this  is  too  small  a 
factor  to  be  considered. 

I  am  not  in  the  slightest  degree  responsible  for  the 
third  column  of  Mr.  Trautwine's  first  table,  the 
"  M.G.S."  system,  which  he  alleges  I  had  "  passed  over 
to,"  as  by  reference  to  my  original  article  no  such  ex- 
pressions can  be  found,  or  are  implied. 

In  using  the  simple  method  of  calculation  recom- 
mended it  is  not  "  necessary  "  to  make  "  corresponding 
changes  in  the  values  of  our  other  units,"'  such,  for  in- 
stance, as  changing  our  unit  of  length  to  one  of  32.2  feet. 
My  article  showed  how  all  the  common  engineering  cal- 
culations of  this  kind  could  be  made  correctly  and  simply, 
with  nothing  more  than  our  common .  existing,  well-estah- 
lished  unit*. 

Xo  error  in  my  article  has  been  pointed  out. 
One  might  have  been,  however,  as  the  "  unnamed  "  unit, 
p.  573,  the  top  of  the  second  column,  has  been  named, 
a  fact  which  had  slipped  my  mind  at  the  time.  It  is 
the  unit  joule  or  watt-second,  well  known  at  least  to 
electrical  engineers,  tho  really  a  purely  mechanical 
unit  of  energy,  as  its  name  implies,  and  convertible 
into  kilowatt-seconds  <  1000  joules )  by  a  mere  shift- 
ing of  the  decimal  point.  It  was  correct,  however, 
to  say  that  the  corresponding  force  unit  (a  rather  im- 
portant one)  has  not  yet  been  named. 
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COMMITTEE  ON  PAPERS 

LEWIS  H.  KENNEY,  Chairman 


REGULAR  MEETING 

At  the  Club  House,  Tuesday,  May  21,  1918,  8.15  P.M. 

The  paper  of  the  evening  will  be  presented  by  Mr.  John  D.  Gill,  Member,  on 
"War  Status  of  Gasoline  and  Fuel  Oil" 

Mr.  Gill  will  discuss  briefly  the  composition  and  more  important  properties  of  gasoline 
and  fuel  oil;  the  present  rate  of  production  and  consumption  and  the  outlook  for  the  war 
period ;  the  substitutes  used  abroad;  the  utilization  of  these  products  in  the  vigorous 
prosecution  of  the  war  in  the  aeroplane,  the  armored  tank,  naval  and  merchant  vessels  and 
in  special  processes  in  the  arts;  the  relation  between  the  gasoline  motor-truck  and  emergency 
war  transportation  ;  the  possibilities  of  pipe  lines  as  a  freight  congestion  preventive,  and 
the  fuel  oil  and  man  power  conservation. 

The  paper  will  be  illustrated  with  lantern  slides. 


MR  JOHN  D.  GILL 

The  annual  presidential  address  by  Major  John  A.  Vogleson,  D.  S.  N.  A.,  will  be  presented. 


PRELIMINARY  ANNOUNCEMENT 
Tuesday,  June  18.  1918,  8.15  P.M.,  at  the  Club  House,  The  Junior  Prize  paper  will  be  presented  by  the  author. 


NOTICE 

Subject  to  the  following  rules,  cards,  extending  the  privileges  of  the 
Ladies'  Dining-Room,  will  be  issued,  upon  request  of  a  member,  to  any 
of  the  ladies  of  his  immediate  household ;  provided  their  names  are  entered 
by  the  member  in  a  book  to  be  kept  for  that  purpose  in  the  office. 

Upon  request,  these  cards  must  be  shown  to  the  attendant  at  the  door. 

The  Ladies'  Dining-Room  is  for  the  use  of  the  holders  of  such  cards, 
who  may  be  accompanied  by  other  ladies;  and  for  members  or  holders  of 
thirty-day  cards,  when  accompanied  by  ladies. 

Ladies  making  use  of  the  dining-room  must  sign  restaurant  orders 
with  their  own  name  and  the  member's  name  at  whose  request  their 
cards  were  issued. 

All  orders  served  in  this  department  must  be  charged  to  the  member's 
account,  as  no  money  will  be  received. 

Wines  and  liquors  will  not  be  served  to  ladies  unless  accompanied 
by  members. 

All  cards  are  subject  to  recall  by  the  House  Committee  at  any  time. 
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SCHEDULE  OF  MEETINGS 

THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIETIES 

MAY,  1918 


May  1,  1918         Technology  Club  of  Philadelphia 
"  Engineering  Problems  Met  and 
Overcome  at  Hog  Island  "  • 


Engineers'  Club       8.15  ru 


Thursday,         May  2,  1918 


Worcester  Tech  Club 
"  Elements  of  Accounting  ' 
A.  W.  Baldwin 


Engineers' Club        8.15  p.m. 


May  9, 1918         American  Society  of  Heating  and  Ventilating 
Engineers 
"  Spontaneous  Combustion  " 
Dr.  M.  W.  Franklin 


Club       8  .15  p  h 


May  13,  1918        American  Institute  of  Electrical  Engineers 
'•  The  Big  Creek  Plant  of  the  Southern 
California  Edison  Company  " 
Mr.  J.  H. 


Club       8.15  p.m. 


Friday,  May  17, 1918        Illuminating  Engineering  Society 

Joint  Meeting  With  Philadelphia  Safety 
Council 


Club        8.00  I'M. 


"The  Relation  of  Light  to  Health  " 

Dr.  C.  E.  De  M.  Sajous 
•  Illuminating  Engineering  Nomenclature" 

Mr.  Lyon 


Tuesday,        May  21, 1918 


Annual  Meeting  Engineers'  Club 
"  War  Status  of  Gasoline  and  Fuel  Oil " 
Mr.  John  D.  GUI,  Member 


Engineers'  Club       8.15  p.m. 


Annual  Presidential  Address  by 
Major  John  A.  Vogleson,  U.S.N.A. 


May  25,  1918         Society  of  Automotive  Engineers 
Annual  Outing 


May  28, 1918         American  Society  of  Mechanical  Engineers 


Club        8.15  p.m. 
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CALENDAR  OF  REGULAR  MEETINGS 

THE  ENGINEERS'  CLUB  AND  AFFILIATED  SOCIET 

1918 


DAT  Or  MONTH  AMD  WEEK  MAMS  Of  SOCIET T 

First  Monday  American  Society  of  Civil  Engineers 

Second  Monday  American  Institute  of  Electrical  Engineers 

May  13,  June  10. 

Fourth  Monday  Philadelphia  Safety  Council 

May  17,  June  24. 

Third  Tuesday  Engineers'  Club 

May  21,  June  18. 

Fourth  Tuesday  American  Society  of  Mechanical  Engineers 

May  28,  June  26. 

First  Wednesday  Technology  Club 

May  1,  June  5. 

First  Thursday  Worcester  Tech  Club 

May  2,  June  6. 

Second  Thursday  American  Society  of  Heating  and  Ventilating  Engineers 

May  9,  June  13. 

Fourth  Thursday  Society  of  Automotive  Engineers 

May  25  (Saturday). 

Third  Friday  Illuminating  Engineering  Society 

May  17,  June  21. 


SECRETARY'S  NOTICES 
POSITIONS  WANTED 

Wanted — Position  as  manager,  works  manager,  or  general 
superintendent  by  a  thoro  practical  and  technical  man ;  25  years' 
experience  on  heavy,  medium,  small,  and  interchangeable  work, 
plating,  heat  treatment,  forge  work,  etc.  Broad  experience  in  shop 
organisation  and  sy*tem  (bonus  and  premium*.  A  producer. 
A-l  references.    Apply  Engineers'  Club,  No.  198. 

Industrial  and  plant  engineer  want*  position.  Tlioroly  experi- 
enced and  trained  in  all  branches  <jf  mill,  factory,  ami  plant  equip- 
men,  including  operation  and  maintenance  and  construction  of  all 
electrical,  steam,  hydraulic  transmissions  and  factory  equipment. 
A  high-grade  man  with  a  very  successful  recurd.  Would  consider 
acting  as  an  assistant  to  manufacturing  executive  <>r  as  secretary. 
Apply  Engineers'  Club.  No.  201. 
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Chief  engineer  or  master  mechanic,  with  thoro  technical  and 
practical  experience  covering  construction,  operation,  and  upkeep 
of  steel  plant,  desires  position.  Specialized  in  metallurgical  work, 
heating  and  melting  furnaces.   Apply  Engineers'  Club.  No,  203. 

.Safety  engineer,  with  sin  years'  thoro  technical  and  practical 
experience  in  this  capacity  with  large  steel  works  in  Pennsylvania, 
desires  position.    Apply  Engineers'  Club,  No.  204. 

POSITIONS  OPEN 

Services  of  a  young  man  desired  to  do  estimating  and  selling 
of  Asbestos  Protected  Metal.    Apply  Engineers"  Club,  No.  202  a. 

Two  draftsmen  wanted;  salary  from  $20  to  $25  per  week;  in 
addition,  10  per  cent.  Iionus  for  continuous  attendance.  Apply 
Engineers'  Club,  No.  20J-a. 
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The  Thirty-sixth  Axsi  ai.  Mixtim;  of  ihc  Club  will  he  held  on  Tuesday,  May  21.  1918,  at  8:15  p.m.. 
at  the  Club  House. 

The  Annual  Report  of  the  Hoard  of  Directors,  as  published  in  the  May  Journal,  will  In"  presenicd. 
Thf.  Axni'al  Address  will  be  presented  by  the  retiring  president.  Major  John  A.  Yogleson. 
The  report  of  the  tellers  for  the  ELECTION  OF  OFFICERS  for  the  ensuing  year  will  be  presented. 
Ballots  have  been  forwarded  under  separate  cover.    The  candidates  are  as  follows: 

For  {'resident  (to  serve  until  July  1.  1919) 
J.  Franklin  Stevens 

For  Vice-President  (to  serve  until  July  1.  1921) 
Joseph  C.  Warner 

For  Treasurer  (to  serve  until  July  1.  1919) 
Lewis  H.  Ken  n by 

For  Directors-at-large  (  to  serve  until  July  1,  1919— names  alphabetically  arranged ) 

William  H.  Connell 
H.  P.  Gant 
Walter  K.  Long 
Paul  Spencer 
S.  M.  Swaab 

H.  A.  Stockly,  Secretary. 


ABSTRACT  OF  MINUTES  OF  THE  JOINT  MEET- 
ING OF  THE  CLUB  AND  THE  PHILADELPHIA 
SECTION  OF  THE  AMERICAN  SOCIETY  OF 
MECHANICAL  ENGINEERS 

HELD  WEDNESDAY  EVENING,  MARCH  V.  1918.  AT 
WITHERSPOON  HALL 

The  meeting  was  called  to  order  at  8 :25  by  Mr.  Joseph 
A.  Steinmetz.  About  300  inemliers  and  guests  were  in 
attendance. 

Corporal  Frank  Street,  of  the  Strathcona  Light  Horse, 
Canadian  Army,  gave  a  short  talk  on  the  subject,  "  My 
Experiences  at  the  Front." 

Dr.  S.  W.  Stratton,  Director.  V.  S.  Bureau  of  Stand- 
ards, presented  a  paper  entitled  "  The  Relation  of  the 
Bureau  of  Standards  to  the  War." 

In  behalf  of  the  Club  and  the  Philadelphia  Section, 
American  Society  of  Mechanical  Engineers,  a  unanimous 
vote  of  thanks  was  extended  to  both  speakers. 

The  meeting  adjourned  at  10:20  p.m. 

ENGINEERS'  CLUB 


ABSTRACT  OF  MINUTES  OF  THE  REGULAR 
BUSINESS  MEETING  OF  THE  CLUB 

HELD  TUESDAY  EVENING.  APRIL  If,  Hit 

The  meeting  was  called  to  order  bv  Vice-President 
Yamall  at  8:20  p.m..  at  Withers^on  Hall.  About  500 
members  and  guests  were  present. 

The  minutes  of  the  business  meeting  of  March  18 
and  the  reconvened  business  meeting  of  March  19,  1918, 
as  printed  in  the  Journal,  were  approved. 

No  additional  nominations  being  received,  the  list  of 
nominations  as  presented  at  the  business  meeting  of 
March  18,  1918,  was  declared  closed. 

Mr.  R.  R.  Nichols,  speaker  for  the  United  States  Food 
Administration,  gave  a  short  talk  on  the  present  food 
situation. 

Dr.  Morris  Jastrow,  Jr.,  librarian  of  the  University  of 
Pennsylvania  and  Professor  of  Semitic  Languages,  pre- 
sented a  |>aper  entitled  "  The  War  and  the  Eastern 
Question." 

A  unanimous  vote  of  thanks  was  extended  to  the 
speaker. 

The  meeting  adjourned  at  10:15  p.m. 
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SPECIAL  MEETING  OF  THE  BOARD 
OF  DIRECTORS 

HELD  APRIL  11.  t»lt 

The  meeting  was  called  to  order  at  7  p.m.,  with  Vice- 
Presidents  Yamall  and  Eglin,  Directors  Gant,  J.  C.  Wag- 
ner, Ketiney,  Moody,  S.  T.  Wagner,  Bullens.  Hayward, 
Past  President  Swaab,  Treasurer  Stevens,  and  Secretary 
Stockly  in  attendance.  Messrs.  F.  C.  Dunlap  and  Wm. 
Pool  Parker,  members  of  the  Building  Committee,  and 
Mr.  \V.  L.  Plack,  architect,  were  also  present,  at  the  invi- 
tation of  the  Board.  President  Vogleson,  Vice-President 
Andrews,  Directors  Femald,  Henderson,  Forstall,  F.hle, 
G.  W.  Barr,  R.  M.  Barr,  Past  Presidents  Ledoux  and 
Carter  were  excused.  Director  Douglas  was  absent. 

The  minutes  of  the  regular  meeting  of  March  12,  as 
issued  to  the  members  of  the  Board,  were  approved. 

REPORT  OF  THE  PRESIDENT 

In  accordance  with  authority  granted  at  the  March  12 
meeting,  the  following  have  been  appointed  delegates  to 
represent  the  Club  at  the  annual  election  of  trustees.  Penn- 
sylvania State  College: 


Charles  F.  Mcbus. 


H.  C.  Hoaton 


William  D.  Polk 


REPORT  OF  THE  SECRETARY 

A  letter  from  the  President  of  the  American  Asso- 
ciation of  Engineers,  inviting  the  Gub  to  apj>oint  one  or 
more  delegates  to  attend  their  annual  convention  in  Chi- 
cago, Ma,y  14.  1918,  to  discuss  certain  questions  pertain- 
ing to  the  welfare  of  the  engineering  profession,  was  read 
and  the  President  was  authorized  to  appoint  a  delegate 
to  attend  this  meeting  and  submit  a  report  to  the  Board. 

The  following  deaths  are  reported: 

Edward  W.  Marker.  Jr.  (Junior  Member  in  service),  on 
March  17,  1918. 

St.  John  Chilton  (Active  Member),  on  March  12,  1918. 
William  L.  Guentbcr  (Active  Member),  in  December.  1917. 

In  accordance  with  the  action  taken  by  the  Board  at 
its  February  5,  1918,  meeting,  remission  of  dues  of  mem- 
bers in  active  service  of  the  Government  has  been  granted 
the  following: 


1st  Lieut.  Wm.  Laird  Brown 
Lt.-Col  H.  K.  Hathaway 
William  P.  Houwen 
Major  E.  S.  Lea 
Major  F.  B.  Maltby 


Private  T.  Elmer  Moon 
Capt.  J.  M.  Ritchie 
Private  Albert  L  Schoff 
Capt.  David  L.  Vaughan 
Private  Ge<  rgc  C.  Wheeler 


Capt.  Edward  R.  Wood,  Jr. 

The  following  resignations  were  presented  and  ac- 
cepted as  of  March  31,  1918: 


John  S.  Albert 

B.  Roscoe  Leeds 

George  Blair,  Jr. 

W.  J.  Lochart 

H  F  Blanchard 

A.  M  Loudenslager 

F.  J.  Boas 

James  F.  McCrudden 

A.  M.  Boyd 

N.  W.  McGrew 

Alfred  F.  Bracher 

Walter  S.  Miller 

James  C.  Brinton 

Walter  M.  Mitchell 

C.  L.  Bruflf 

George  Mohlcr 

E.  F.  Bush 

Thomas  Molan 

L.  M.  Carpenter 

Louis  \\7.  Moxey,  Jr. 

Arthur  L.  Collins 

James  M.  Munck 

E.  L.  Conwell 

Franklyn  W.  Pearce 

S.  J.  Cotsworth 

H  C.  Phillips 

W.  T.  Covert 

Francis  L.  Pruyn 

Douglas  Darling 

A.  F.  Rader 

Richard  D.  Davis 

John  A.  Renshaw 

E.  \V.  Deakin 

E.  L.  Rice 

Clark  Dillcnbcck 

C.  D.  Rinald 

H.  Lawrence  Dowell 

Benjamin  S.  Robinson 

Walter  F.  Drueding 

Charles  A.  Scharfe 

Charles  K.  Durbin 

John  D  Sells 

W  G.  Dutton 

R.  E.  Shaw 

John  S.  Ely 

George  T.  Shegog 

Conrad  Engclkraut,  Jr. 

W.  R.  Simpson 

Harrv  B.  Evans 

Wm.  C.  E.  Slaglc 

J.  E.  Free 

Horace  K.  Smith 

\V.  H.  Gartley 

M.  R.  Smith 

Wr.  D.  Gemot 

J  V.  Stanford 

Harry  Gross 

George  B.  Taylor 

Guy  K  Haldeman 

Amor  E.  Temple 

Stephen  Harris 

Charles  F.  Tictzc 

R.  E.  Hcllmcr 

H.  M.  Trueblood 

George  \V.  Hilsce 

W.  H.  Turnbull 

Samuel  W.  Mad).  Hilt 

J.  W.  Van  Alst,  Jr. 

John  J   L.  Houston 

Scth  M.  Van  Loan 

Thomas  W.  Hulmc 

P  T.  W'eedon 

R.  S,  Hutchinson 

Charles  A.  Weeks 

W.  O.  Kellogg 

Barclay  White 

John  S.  Kesslcr 

Jay  M.  W'hitham 

A.  Stanley  Kraus 

W.  P.  Wilbur 

Erich  Krell 

George  W.  Wood 

Newton  Lamb 

Harry  R.  Woodall 

Albert  \V  Zahniser 

A  letter  was  read  from  Mr.  W.  Nelson  Mayhew,  of 
the  Citizens'  Committee.  Third  Liberty  Loan,  stating  that 
the  resj)on.sc  of  the  members  of  the  Engineers'  Club  to 
the  appeal  sent  out  by  the  Liberty  Loan  Committee  was 
very  great,  and  expressing  his  appreciation  of  that  fact 
and  for  the  courtesy  extended  by  the  Gub  to  the  Commit- 
tee in  placing  at  their  disposal  the  mailing  list  of  the  Gub. 

The  annual  report  from  the  Board  of  Directors  to  the 
Club  was  presented,  approved,  and  the  Secretary  author- 
ized to  publish  the  report  in  the  May  Journal. 

Mr.  Ad.  Fischer's  name  was  dropped  from  the  rolls 
of  the  Club  by  unanimous  vote  of  the  Board. 

REPORT  OF  THE  COMMITTEE  ON  HOUSE 

The  Board  approved  the  recommendation  of  the  com- 
mittee that  two  classes  of  exchange  privileges  be  arranged 
for,  the  first  to  cover  full  technical  and  club  house  privi- 
leges and  to  apply  to  the  following  organizations : 

Engineers'  Club  of  Dayton.  Ohio. 
Engineers'  Club  of  Toronto.  Canada. 
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Engineers'  Society  of  Pennsylvania,  Harrisburg. 
Technology  Club  of  Syracuse. 

Engineers'  Society  of  Northeastern  Pennsylvania.  Scranton. 

The  second  class,  to  apply  only  to  meetings  and  use 
of  the  library,  to  apply  to  the  following: 

American  Institute  of  Electrical  Engineers. 

American  Institute  of  Mining  Engineers. 

American  Society  of  Civil  Engineers. 

American  Society  of  Mechanical  Engineeri. 

Boston  Society  of  Civil  Engineers. 

Brooklyn  Engineers'  Club. 

Canadian  Society  of  Civil  Engineers. 

Cleveland  Engineering  Society. 

Civil  Engineers'  Society  of  St.  Paul. 

Detroit  Engineering  Society. 

Engineers'  Club  of  Baltimore. 

Engineers'  Club  of  Kansas  City. 

Engineers'  Club  of  Minneapolis. 

Engineering  Association  of  Nashville.  Tennessee. 

Engineers'  Club  of  St.  Louis. 

Engineers'  Club  of  Trenton. 

Engineers'  Society  of  Western  Pennsylvania. 

Engineers'  Society  of  Western  New  York. 

Louisiana  Engineering  Society. 

Pacific  Northwest  Society  of  Engineers. 

Rochester  Engineering  Society. 

University  of  Pennsylvania  Library. 

Western  Society  of  Engineers. 


ANNUAL  REPORT  OF  THE  BOARD  OF 
DIRECTORS 

FOR  THE  FISCAL  YEAR  APRIL  1,  1*17.  TO  MARCH  31. 

The  Board  of  Directors  herewith  submits  its  report 
for  the  period  April  1,  1917,  to  March  31.  1918.  as 
follows : 

The  summary  of  membership  on  March  31,  1918,  as 
compared  with  the  summary  of  March  31,  1917.  is  as 
follows : 


Ma»ch  31,  1917. 


March  31.  1918. 


Nun-  N'on- 

Clm                        Rftidtr.t   R««ii)cnt  TVrt«)  R*il4<Mit  Resident  Tea  I 

Honorary                      3         3  6  3         3  6 

Active                     1987      265  2252  1823      237  2060 

Junior                         99        0  99  150        0  150 

Army  and  Navy  ...       3         5  8  2         6  8 


2092      273      2365      1978      246  2224 
Elected  to  membership  during  the  year : 

  60 


Active    116  J»: 

Army  and  Navy    1 

Resignations  during  the  year: 


REPORT  OF  TUB   COMMITTEE   ON  MEMBERSHIP 

At  the  recommendation  of  the  Committee,  the  follow- 
ing were  elected : 

To  Active  Membership : 


Archibald  L.  Altemus 
Horace  H.  Esselslyn 
John  Folsz 
James  W.  Galloway 
Jesse  L.  Gotdbcrger 

To  Junior  Membership : 
Charles  U.  Bauman 


Victor  L.  Sanderson 
Frederick  B.  Sansom 
John  E.  Snyder 
Richard  H.  Trimble 
Edward  H.  Warner 


Vernon  C.  Dilks 


Thomas  H.  Ludwick 


COMMITTEE  OH  LIFE  MEMBERSHIPS 

Mr.  Eglin  reported  for  the  Committee  that  plans  were 
in  progress  to  launch  a  campaign  to  secure  Life  Mem- 
bers and  the  Board  approved  the  following  recommenda- 
tions of  the  Committee : 

That  subscribers  to  Life  Membership  be  permitted  to 
pay  Life  Membership  fee  either  in  one  payment  or  partial 
payments ;  provided,  however,  in  the  latter  case  that  the 
entire  payment  be  completed  within  one  year  from  April 
1,  1918;  and,  further, 

That  during  the  present  fiscal  year,  on  completion  of 
payment  of  Life  Membership  fee,  current  dues  for  the 
year  1918-19  be  remitted. 

H.  A.  Stockly, 

Secretary. 


Active    148  Junior   

Army  and  Navy    1 

Applications  withdrawn : 

Active    3 

Dropped  from  the  rolls : 

Active   142  Junior   


Deaths : 
Active  . . 


12   Junior    1 


The  record  of  deaths  is : 


AfTIVK  Mf.mbfrs. 


F.  E.  Bailey   Died 

William  H.  Hollar  Died 

A.  E.  Lehman  Died 

Gaston  Daus   Died 

George  S-  Cheyncy  Died 

K.  M.  Wilson   Died 

Stacy  Opdyke  Died 

A.  Theodore  Brucgel  Died 

Walter  Uoyd  Mason  Died 

G.  W.  Creighton   Died 

William  I~  Guenther  Died 

St.  John  Chilton   Died 


Octolher  -.  1916. 
December  11,  1916. 
April  5,  1917. 
April  15.  1917. 
August  17,  1917. 
September  25.  1917. 
October  25.  1917. 
November  8.  1917. 
November  15.  1917. 
June  2,  1917. 
December  — .  1917. 
March  12,  1918. 


JuNiot  Membcr 
Edward  W.  Barker,  Jr.  ...Died  March  17,  1918. 
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During  the  year,  affiliation  with  the  following  or- 
ganizations has  been  accomplished. 

Worcester  Tech  Club. 
Philadelphia  Safety  Council. 

COMMITTEE  Oil  FINANCE 

The  budget  prepared  by  the  Committee  and  ap- 
proved by  the  Board  for  the  fiscal  year  April  1,  1918.  to 
March  31,  1919,  is  as  follows: 


Committee  on  Finance  (fixed  charges)   $10,730.00 

Committee  on  House : 

Restaurant  revenue  >    j  7QOO0 

House  revenue  ^ 

Secretary'*  office    27,224.00 

Committee  on  Papers   1,746.00 

Committee  on  Publication: 

Operating  cost   1,870.00 

Committee  on  Library    300.00 


$41,870.00 

Less  revenue  from  house  and  restaurant   1,700.00 


Total    $40,170.00 


COMMITTEE  OR  MOUSE 

Building  operations  being  it)  progress  from  October, 
1917,  to  March  31,  1918,  the  restaurant  patronage  was 
not  entirely  satisfactory  during  that  time,  and  for  this 
reason  the  year's  showing  was  not  as  good  as  had  been 
expected.  During  the  year  24,255  meals  were  served  to 
members,  an  average  of  slightly  over  2000  per  month. 
Since  the  new  dining-room  and  kitchen  extension  have 
been  opened  there  has  been  a  marked  increase  in 
patronage. 

Practically  no  social  activities  have  been  held  in  the 
Club  during  the  past  year,  as  the  Committee  deemed  it 
unwise  to  hold  such  functions  while  the  Club-house  was 
in  a  more  or  less  disordered  condition.  Coincident  with 
the  opening  of  the  new  dining-room,  on  March  5,  an 
informal  dinner  was  held,  at  which  time  Dr.  E.  J.  Caltell 
was  the  principal  speaker. 

The  new  dining-room  will  sent  comfortably  100  people, 
and  on  the  evening  of  March  5  the  room  was  entirely- 
filled,  and  it  was  necessary  to  turn  some  of  the  late 
arrivals  away. 

It  is  hoped  that,  during  the  coming  year,  occasional 
dinners  and  other  social  events  may  be  held,  in  order  that 
the  mcmbers-at-large  may  derive  a  more  tangible  benefit 
from  the  Club  and  may  be  able  to  become  better 
acquainted. 

In  October,  1917,  the  Club  pledged  itself  to  observe 
the  regulations  of  the  United  States  Food  Administration, 
and  since  that  time  has  conscientiously  followed  the  rul- 
ings made  by  the  Food  Administration. 

While  building  operations  were  in  progress  it  was  not 
considered  advisable  to  attempt  to  make  any  of  the  usual 
repairs,  such  as  resurfacing  the  floor  in  the  main  lounging- 
rooms,  but  these  repairs  will  be  made  in  the  near  future. 

There  is  still  lack  of  a  sufficient  number  of  slceping- 
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rooms,  altho  the  removal  of  the  Club  offices  to  the  new 
building  has  given  us  two  additional  bedrooms. 

On  account  of  the  constantly  increasing  cost  of  food, 
it  has  been  found  necessary,  during  the  past  year,  to 
raise  the  price  of  luncheons  and  dinners  from  sixty  cents 
to  seventy  cents,  altho  a  platter  luncheon  is  now  being 
served  at  the  price  of  fifty  cents.  It  is  believed  the  prices 
charged  are  extremely  reasonable  commensurate  with  the 
quality  and  variety  of  food  served. 

COMMITTEE  OH  PAPERS 

The  personnel  of  the  Committee  on  Papers,  with  two 
exceptions,  is  identical  with  the  preceding  committee,  and 
work  was  continued  along  the  lines  developed  last  year. 
Some  of  the  meetings  were  held  at  Withcrspoon  Hall, 
some  at  the  Club,  and  some  elsewhere. 

Meetings  for  the  Junior  Members  were  continued, 
with  Dr.  \V.  M.  Boehm  assisting  them  in  an  advisory 
capacity,  the  principal  difference  from  last  year  being 
that  the  Juniors  had  developed  an  organization  by  elect- 
ing their  own  officers  and  appointing  their  own  committees. 

Joint  meetings  were  arranged  with  some  of  our  affili- 
ated societies,  with  a  view  to  enlisting  their  cooperation 
in  arranging  papers. 

Paper* 

The  Committee  decided  that  the  papers  this  year 
should  deal  with  various  phases  of  the  war,  altho  an 
occasional  paper  should  be  arranged  primarily  for  the 
entertainment  of  the  membership;  that  papers  where  the 
subject  was  treated  in  a  popular-scientific  form  should 
be  presented  at  Witherspoon  Hall;  that  papers  which 
were  thoroly  technical  should  be  presented  at  the  Club; 
that  special  meetings  elsewhere  should  be  arranged  as 
opportunity  offered,  and  that  the  speakers  should  be  men 
of  prominence  and  accustomed  to  public  speaking.  It  was 
aimed  to  have  the  papers  for  the  Witherspoon  Hall  meet- 
ings on  such  subjects  and  presented  in  such  form  as  to 
interest  a  non-technical  as  well  as  a  technical  audience,  in 
order  to  assure  a  good  attendance. 


Some  of  the  papers  presented  at  the  Witherspoon 
Hall  meetings  dealt  with  phases  of  the  European  war. 
and  others  were  primarily  for  the  entertainment  of  our 
membership.  The  experience  of  the  Committee  last  year 
indicated  that  only  papers  which  were  of  general  interest 
to  the  membership  would  assure  a  good  attendance.  It  is 
to  Ik;  noted  that  the  attendance  at  Witherspoon  Hall  meet- 
ings this  year  was  considerably  lietter  than  last  year,  and 
the  attendance  at  one  of  the  meetings  was  beyond  the 
capacity  of  the  hall.  Members  of  our  affiliated  societies 
were  invited,  and  members  of  the  Club  and  of  our 
affiliated  societies  were  privileged  to  invite  ladies  to  these 
meetings.  Several  cards  of  invitation  for  each  meeting 
were  sent  to  each  member  in  order  that  he  could  extend 
invitations  as  he  desired.    When  our  affiliated  societies 
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were  invited  to  any  of  our  meetings  a  card  of  invitation 
was  sent  to  each  affiliated  member. 

The  papers  presented  at  the  meetings  at  the  Club  were 
thoroly  technical.  It  was  considered  desirable  to  arrange 
lor  papers  of  this  character  in  order  to  provide  as  varied 
a  program  of  papers  as  possible  for  our  membership. 

A  joint  meeting  was  held  with  the  Manufacturers' 
Club  at  its  Club-house.  The  speaker,  Captain  W.  Strother 
Smith.  U.S.NT..  now  Admiral  Smith,  having  promised  to 
present  an  address  before  our  Club  on  "  Inventions  Rela- 
tive to  War  Materials,"  it  was  thought  desirable  to  arrange 
for  a  joint  meeting  with  the  Manufacturers'  Club,  because 
the  development  of  inventions  for  war  purposes  requires 
the  combined  effort  of  the  engineer  and  the  manufacturer. 

A  meeting  was  held  at  the  University  of  Pennsylvania 
when  Dr.  William  Curtis  Farabec  presented  an  address 
on  "  Explorations  Among  the  Wild  Tribes  of  South 
America."  The  doctor  very  courteously  invited  the  mem- 
bers of  the  Club  to  inspect  the  University  Museum  after 
the  meeting. 

A  meeting  was  held  at  Drexel  Institute,  the  subjects 
being,  "  The  Measure  of  Our  Sacrifice  in  the  Present 
World  Conflict,"  by  Mr.  John  S.  Rossell,  and  "  Some  of 
My  Observations  in  France,"  by  Major  W.  A.  Garrett. 

The  following  meetings  have  been  held : 

Clob  IfMtiBCS 

Club-house    7 

Drexel  Institute   1 

Manufacturers'  Club    1 

University  of  Pennsylvania    1 

Witherspooii  Hall    7 

Total    17 

Junior  Meetings   5 

Join  MtetlDti 

The  Committee  deemed  it  advisable  to  arrange  for 
joint  meetings  with  our  affiliated  societies,  the  author  and 
subject  of  the  paper  to  be  made  a  matter  of  conference 
between  the  affiliated  society  and  the  Club,  the  view  being 
that  this  arrangement  would  assist  in  developing  our 
"  affiliation  idea." 

The  following  meetings  were  arranged : 

American  Society  of  Mechanical  Engineers,  Phila- 
delphia Section :  Two  joint  meetings. 

Worcester  Tech  Club:  One  joint  meeting.  Members 
of  Club  invited  to  one  meeting. 

American  Institute  of  Electrical  Engineers,  Phila- 
delphia Section:  Preliminary  arrangements  were  made 
but  never  completed. 

American  Society  of  Civil  Engineers,  Philadelphia 
Association  of  Members:  Arrangements  were  completed 
and  cancelled. 

Manufacturers'  Club:  One  joint  meeting. 

In  accordance  with  our  By-Laws,  members  of  the 
Club  are  privileged  to  attend  all  meetings  held  at  the 
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Club-house  by  our  affiliated  societies.  Announcement  of 
all  meetings  of  the  Club  and  our  affiliated  societies  are 
published  in  our  Club  Journal. 

Junior  Meetlnc* 

The  Committee  on  Papers  last  year  initiated  arrange- 
ments for  Junior  meetings,  the  object  being  to  interest 
the  Juniors  in  preparing,  presenting,  and  discussing 
papers  and  conducting  their  own  meetings.  Attendance 
at  these  meetings  was  limited  to  Juniors  and  their  guests. 
The  interest  of  the  Juniors  in  Club  affairs  should  be 
encouraged  and  stimulated,  partly  with  a  view  to  qualify- 
ing them  for  committee  appointments  and  office  when 
they  become  Senior  members,  and  partly  with  a  view  to 
developing  loyalty  to  the  Club. 

A  prize  was  offered  last  year  for  the  best  paper  pre- 
pared by  a  Junior.  The  rules  governing  the  award  of 
prize  were  published  in  the  August,  1917,  Journal. 
Arrangements  were  made  for  the  Junior  who  won  the 
prize  to  present  his  paper  at  the  regular  June  meeting  of 
the  Club.   The  arrangements  were  continued  this  year. 

Toward  the  end  of  last  year  the  Juniors  decided  that 
they  would  continue  their  meetings  during  the  present 
year,  and  perfected  an  organization  by  electing  their  own 
officers  and  appointing  their  own  committees.  Last  fall 
the  Juniors  instituted  a  campaign  to  increase  their  mem- 
bership, and  about  fifty  applications  were  received  and 
accepted.  The  membership  of  the  Juniors  previous  to  the 
campaign  was  about  one  hundred.  These  actions  were 
very  gratifying  to  the  Committee  as  indicating  the  interest 
which  had  been  stimulated  among  our  Junior  members. 

Tfic  interest  of  the  Juniors  in  these  meetings  has  con- 
tinued, and  recently  the  Board  of  Directors  ruled  that  a 
representative  of  the  Juniors  should  be  invited  to  attend 
meetings  of  the  Board  while  matters  which  concerned  the 
Juniors  were  under  discussion.  The  suggestion  was 
offered  to  the  Juniors  that  they  develop  their  organiza- 
tion to  conform  as  closely  as  conditions  warranted  to  the 
Club  organization,  and  that  the  chairmen  of  their  several 
committees  consult  directly  with  the  chairmen  of  the 
corresponding  Club  committees  in  order  that  they  could 
get  advice  and  suggestions  which  would  be  of  value 
to  them. 

The  Committee  very  carefully  considered  the  subject 
of  securing  some  publicity,  particularly  in  relation  to  the 
papers  presented  before  the  Club.  Apparently  the  daily 
press  will  report  a  paper  that  deals  with  national  or  local 
affairs  and  which  is  of  general  interest  to  the  public. 
Papers  intended  primarily  for  the  entertainment  of  our 
members  or  on  technical  subjects  arc  not  usually  reported 
by  the  daily  press.  Some  of  the  papers  presented  before 
the  Gub  this  year  have,  however,  been  quite  extensively 
published  in  abstract  by  technical  journals,  credit  always 
being  given  to  our  Club  Journal. 

Possibly  some  of  the  pajwrs  would  prove  interesting 
to  the  public  in  general  if  published  in  the  magazine 
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section  of  some  of  our  Sunday  papers,  and  some  similar 
arrangement  has  been  made  in  the  middle  West  with 
very  gratifying  results. 

Sckedolo  »f  Papers 

Affiliated  Societies  and  Club 

A  complete  schedule  of  the  papers  presented  before 
our  affiliated  societies  and  the  Club  during  the  fiscal  year 
beginning  April  1,  1917,  has  been  prepared  from  the 
records  and  is  believed  to  be  substantially  correct.  About 
seventy  papers  were  presented,  which  included  a  very 
wide  range  of  technical  subjects. 


Your  Committee  desires  to  acknowledge  the  assistance 
of  Mr.  H.  A.  Stockly,  secretary  of  the  Club,  in  arranging 
for  shakers  and  meetings ;  Miss  R.  F.  Vickers,  secretary 
to  the  Committee  on  Publication,  in  arranging  for  publi- 
cation the  Committee  announcements  and  papers  in  which 
the  Committee  was  particularly  interested,  and  Miss  S.  M. 
Snedeker,  secretary  to  the  Committee  on  Papers,  who 
has  so  conscientiously  directed  our  secretarial  work. 

Schedule  of  papers  presented  before  the  Engineers' 
Club  and  affiliated  societies  during  the  fiscal  year  beginning 
April  1.  1917: 


ABBREVIATIONS 


,  Phila- 


A.  I.  E.  K.— American  Institute  of  Electrical 
delphia  Section. 

A.  S.  C.  E.-Amcrican  Society  of  Civil  Engineers,  Philadel- 
phia Association  of  Members. 

A.S.H.&V.E-American  Society  of  Heating  and  Venti- 
lating Engineers.  Eastern  Pennsylvania  Chapter. 

A.  S.  M.  E.— American  Society  of  Mechanical  Engineers, 
Philadelphia  Section. 

C.  U.  C. — Columbia  University  Gub. 

D.  I.— Drexel  Institute. 

E.  C— Engineers'  Club. 

E.  C.J  r— Engineers'  Club,  Juniors. 

F.  I. — Franklin  Institute. 

I.  E.  S.— Illuminating  Engineering  Society.  Philadelphia 
Section. 

M.  C. — Manufacturers'  Club. 

P.  S.  C— Philadelphia  Safety  Council. 

S.  A.  E.— Society  of  Automotive  Engineers.  Pennsylvania 
Sect  ion, 

T.  C.-Technology  Club  of  Philadelphia. 
V,  P.— University  of  Pennsylvania. 
W.  H  —  Witherspoon  Hall. 
W.  T.  C— Worcester  Tech  Gub. 


"National  Parks''  by  Mr.  Robert    A.  S.  C.  E. 

Sterling  Yard. 
"Telephone  Engineering"  by  Mr.    T.  C. 

Dodge. 

"Underground  Cables"  by  Mr.    A.  I.  E.  E. 

Henry  W.  Fisher. 
"Warm  Air  Furnace  Heating"  by   A.  S.  H.  & 

Mr.  Irvrin  F.  Grumbein.  V.  E. 


April 

E.C. 

** 

•I 

E.C 

■■ 

<> 

E.  C. 

■1 

E.  C. 

•• 

E.  C. 

2S2 

April  20  E.  C. 

"    23  EC. 

"    24  E.C. 

May    2  E.C. 

"     4(o)  W.  H. 

"    10  E.  C. 

"    14  E.  C. 

"    IS  E.  C. 


"Automobile  Headlamps"  by  Dr. 
H.  P.  Gage. 

"Organization  and  Work  of  the 
Bureau  of  Highways"  by  Mr. 
J.  B.  Moran,  Mr.  H.  I.  Gold- 
stein and  Mr.  H.  M.  Packer. 

"Recent  Developments  in  V- 
Noteh  Weir  Measurement"  by 
Mr.  D.  Robert  Yarnall. 

"The  War  and  Its  Relation  to 
Tech  Men"  by  Mr.  Terrell, 
Mr.  Willard  and  Col.  Lylc. 

"Japan  and  America  in  the  World 
War  "  by  Dr.  Toyokichi  Iyenaga 

"Temperature  Control"  by  Mr. 
S.  E.  Plewes. 

"Measurement  of  Telephone  Cur- 
rents" by  Mr.  H.  Mouradian. 

"The  Engineers'  Club  of  Today 
and  Tomorrow"  bv  Mr.  Em- 
mett  B.  Carter 
Address). 


"    18     E.C.  " 

"    22(6)  D.  I. 
June    7  E.G. 
"    19     E.  C. 


Sept.  18  E.  C. 

"  21  E.C. 

Oct.  3  E.  C. 

"  8  E.  C. 

"  11  E.C. 

"  16(a)  W.H. 

"  19  E.  C. 

"  25  E.C. 

Nov.  1  F.I. 

"  7  E.  C. 

"  8  E.  C. 

"  9(a)  U.  P. 

"  12  E.C. 

"  13  E.C. 

"  16  E.C. 


A  Year's  Progress  in  the  Manu- 
facture of  Mazda  Lamps"  by 
Mr.  Unit  Rasin;  and  "Ele- 
mentary Talks"  by  Dr.  H.  E. 
Ives. 

"The  Engineering  of  Men"  by 
Mr.  William  Rohan. 

"  Ignition  Systems  for  Automo- 
biles" by  Mr.  Frank  Aiken. 

"Philadelphia  Bridges.  Past.  Pres- 
ent and  Future  by  Mr.  Wil- 
mer  Z.  Kline  (winner  of  Junior 
Prue). 

"The  King  of  the  Rails,"  Motion 
Pictures. 

"  Presidential  Address,"  Mr.  W.  J. 
Serrill. 

"Technology's  War  Activities"  by 

Prof.  H.  G.  Pearson. 
"Industrial  Research"  by  Messrs. 

A.  E.  Kcnnclly,  Charles  E. 

Skinner,  Frank  B.  Jewett. 
"General  Utilization  of  Pulverized 

Coal" by  Mr.  H.  G.  Barnhurst. 
"The  War's  Effect  on  Merchant 

Shipbuilding"  by  Mr.  Homer 

L.  Ferguson. 
"Economics  in  the  Operation  of 

Large  Lighting  Installations." 

Messrs.  C.  L.  Law  and  J.  E. 

Buckley. 

"Spring  Design  and  Construction 
as  Affecting  Easv  Riding"  by 
Mr.  Waller  C.  Keys. 

"Atmospheric  Electricitv"  by  W. 
P.  G.  Swann,  A.  R.  C.  S.,  D.  Sc. 


I.  E.  S. 
E.  C.  Jr. 

A.  S.  M.  E. 
T.  C. 
E.C. 

A.  S.  H.  & 

V.  E. 
A.  I.  E.  E. 

E.  C. 
I.  E.  S. 

A.  S.  M.  E. 
W.  T.  C. 
E.  C. 

E.  C. 
I.  E.  S. 
T.  C. 
A.  I.  E.  E. 


A.  S.  H.  4 
V.  E. 
A.  S.  M.  E 
&E.  C. 

I.  E.  S.  St. 
A.  S.  H.  V. 


S.  A.  E. 


A.  I.  E.  E. 

&  F.  I. 
T.  C. 


"The  Inception  and  Development    E.  C. 
of  the  Submarine  Boat"  by  Mr. 
John  P.  Holland.  Jr. 

MAY,     NINETEEN     HUNDRED     AND  EIGHTEEN 


"  Printing,  Its  Art  and  Science"  by 

Mr.  Joseph  Hays. 
"Shop  Organization  and  Business    A.  S.  H.  & 

Efficiency"  by  Mr.  Milton  W.       V.  E. 

Franklin. 

"Explorations  among  the  Wild  E.C. 
Tribes  of  South  America"  by 
Dr.  William  Curtis  Faraboc. 
"A  Public  Utility's  Method  of   A.  I.  E.  E. 
Standardization  for  their  Elec- 
trical  Instruments"  by  Mr. 
Wm.  P.  Johnson. 
"Fire  Brick  and  Fire  Cements  in    M.  C.  Jr. 
Oil  Burning  Boilers"  by  Mr. 
M.  M.  Kennedy;  and  "The 
Chemistry  of  Clays  for  Fire 
Brick  and  Eire  Cements"  by 
Mr.  L.  Zoole. 
"Historical  Lighting  of  Indcpen-    I.  E.  S. 


it  Lighting  of  Indcpen- 
Square"  by  Mr.  E.  F. 
Kingsbury. 
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Nov.  20(a)  W.  H. 

"  22  EC. 

"  27  EC 

•  30  E.C. 

Dec.  5 

"  6  E.  C. 

"  10  E.C. 

"  10  M.C. 

"  11  F.I. 

•'  11  E.C. 

"  13  E.C. 

"  19(a)  W.H. 

"  21  F.I. 


2 


1918 

Jan.    3(c)  E.  C. 
"     7(e)  E.  C. 

"  10  E.C. 

"  10  F.I. 

"  15  E.C. 

"  16(a)  W.H. 

"    22  E.C. 

"  24  E.C. 
"    2H  E.C. 


2°  E.C. 


Feb.  6 

"  6 

"  7 

"  7 


E.  C. 
E.  C. 

E.  C. 

F.  I. 


"Engineering  and  Construction 
Features  of  Cantonments"  bv 
Major  Richard  C.  Marshall.  Jr. 

"Size,  Inflation  Pressure  and  Coa- 
struction  of  Tires  as  Affectinj 
Easy  Riding"  bv  Mr.  J. 
Hale. 

"  Manufacturing  in  Relation  to 
Banking,  Research  and  Man- 
agement" by  Prof.  Walter 
Rautenstrauch. 

"  Industrial  Housing  with  its  Rela- 
tion to  Accident  Prevention" 
by  Mr.  II.  W.  Porster. 

"The  Year's  Work  of  the  Ad- 
visory Commission  of  the 
Council  of  National  Defense" 
by  Dr.  Mollis  Godfrey. 

"  Modern  Foundry  Machinery  "  by 
Mr.  Ambrose  G.  Warren,  E.  E. 

"The  Romance  and  the  Practical 
Side  of  Underground  Electrical 
Construction'  by  Mr.  H.  C. 
Blackwcll;  and  "Annual  Load 
Relief  Map"  by  Mr.  Wm.  Leroy 
Robertson. 

"Inventions  Relative  to  War  Ma- 
terial" by  Capt.  W.-  Strother 
Smith,  U.  S.  N. 

"  Offensive  Against  the  Submarine" 
by  Mr.  Joseph  A.  SteinmcU. 

"  The  Measurement  of  the  Plow  of 
Liquids  and  Gases  in  Pipes  "  by 
Mr.  Lester  M.  Goldsmith. 

"  Modem  Heating  and  V< 
Appliances  for  School 


W  T.  C.  & 
EC. 

S.  A.  E. 


A.  S.  M.  E. 

P.  S.  C. 
T.C. 

W.  T.  C. 
A.  I.  E.  E. 


M.  C.  & 

E.C. 

A.  S.  M.  E. 

&  F.  I. 
E.  C.Jr. 


A.  S.  H.  & 
V.  E. 


'The  War  in  the  Air"  by  Mr.  G.  E.C. 

Douglas  Wardrop. 
"Color  Science  in  Illumination"    I.  E.  S. 

by  Miss  Beatrice  Irwin. 


"  New  York  Catskill   Mountain    W.  T.  C. 
Water  Supplv"  by  Mr.  Alfred 
D.  Flinn. 

"The  Work  and  Experience  of  the    A.  S.  C.  E. 

U.    S.    Engineer   Troops  in 

France"  by  Major-General  C. 

M.  Clement. 
" The  Modern  Dairy  *'  by  Mr.  Wm.    A.  S.  H.  & 

H.  Timm.  V.  E. 

"Physicsof  the  Wclsbach  Mantle"    I.  E.  S.  & 

by  Herbert  E.  Ives,  Ph.D.  F.  I. 

"Organization  and  Safety  Work"    P.  S.  C. 

by  Mr.  J.  C.  Ro-sc. 

"  Alaska  from  an  Engineer's  View- 
point" by  Mr.  Howard  W. 
DuBois. 

"The  War  on  Land  and  Sea"  by 
Prof.  Wm.  L.  Cathcart,  Ex- 
tiaval  officer. 


"Upholstery  as  Affecting  Easy 
Riding." 

"Overhead  Line  Crossings"  by 
Mr.  Paul  Spencer  and  Mr.  G. 
T.  Wcndlc. 

"The  Heavy  Oil  Engine"  by  Dr. 
Charles  E.  Lucke. 

"  Engineering  of  Civic  Efficiency  " 
by  Mr.  W.  R.  D.  Hall. 

"  Port  and  Terminal  Facilities"  by 
Dr.  R.  S.  MacElwee. 

"Compression  Rheostats"  by  Mr. 
Arthur  H.  Allen. 

"Application  of  Oscillatory  Cur- 
rents to  Heating  and  Electric 
Furnace  Practice"  bv  Edwin 
F.  Northrup,  Ph.D. 


E.C. 

A.  S.  M.  E. 

S.  A.  E. 
A.  I.  E.  E. 

E.C. 

T.  C. 

K.  C. 

W.  T.  C. 

A.  I.  E.  E. 
&F.I. 


Feb.  11  E.C. 

"  12  E.C. 

"  IS  E.C. 

"  15(a)  W.H. 

"  19  E.  C. 

"  25  E.C. 

"  26  E.  C. 

Mar.  6  E.  C. 

'•  11  E.C. 

"  14  E.  C. 

"  12  E.C. 

"  15  E.C. 

"  18(a)  D.  I. 


27(a)  W.  H. 


"Some  of  the  Broader  Aspects  of    A.  I.  K.  E. 
Utility  Engineering''  by  Mr.  J. 
S.  Francis. 

"  Rlectricitv  as  -Applied  to  Trac    E.  C.  Jr. 

tion"  by  Mr.  E.  M.  Bredin. 
Lighting  Curtailment  "  by  Mr.    I.  E.  S. 

Preston  S.  Miller. 
"The   Influence   of   Topography    E.  C.  & 

upon  the  Strategy  of  the  Euro-    C.  U.  C. 

oean  War"  by  Prof.  Frederick 

K.  Morris. 
"Is  Our  Fuel  Supplv  Nearing  Ex-    E.  C. 

haustion?"  by  br.  Robt.  H. 

Fernald. 

"The  Foreman  in  Plant  Safety."    P.  S.  C. 
"The  Income  Tax,  an  Engineering    A.  S.  M.  E. 

Analysis"  by  Mr.  Carl  G. 

Barth. 

"Steam  Turbines"  by  Mr.  H.  L.  T.C. 
Moody. 

•Why  is  an  Electrical  Ship"  by    A.  I.  E.  E. 

Mr.  Harry  A.  Horner. 
"Our  Men  Over  There!— Their   A.  S.  H.  & 

Base  Over   Here!"   by   Mr.       V.  E. 

Joseph  A.  Steinmctz. 
'Crucible    Process    of    Making   E.  C.  Jr. 

Steel"  by  Mr.  A.  deMacedo; 

and  "Waste  Heat  Boilers"  by 

Mr.  M.  G.  Bittel. 
'The  Aesthetics  of  Street  Light-    I.  E.  S. 

ing,"  by  Mr.  S.  M.  Doane. 
'  The  Measure  of  our  Sacrifice  in    E.  C. 

the  Present  World  Conflict"  by 

Mr.   John    S.    Rossell;  and 

"Some  of  My  Observations  in 

France"   by    Major   W.  A. 

Garrett. 

'  The  Relation  of  the  Bureau  of    A.  S.  M.  E. 
Standards  to  the  War"  by  Dr.       &  E.  C. 
S.  W.  Stratum. 


(a)  Members  of  affiliated  societies  invited. 

(A)  Members  of  Club  and  affiliated  societies  invited. 

{c)  Members  of  Club  invited. 


COMMITTEE  OH  PUBLICATIOK 

During  the  |>ast  year  the  Committee  published  twelve 
issues  of  the  Joirxai.-  -nine  issues  of  sixty-eight 
each,  including  cover,  and  three  issues  of  sixty 
each,  including  cover. 

The  make-up  of  each  number  has  been  about  as  fol- 
lows: Thirty- four  pages  of  reading  matter  and  illustra- 
tions, seventeen.pages  of  Club  news,  Secretary  and  Com- 
mittee notices,  and  reports  and  meetings  of  the  Affiliated 
Societies,  and  fifteen  pages  of  advertisements,  professional 
cards,  and  indices. 

The  total  cost  of  the  year's  issue  was  $9734.43; 
advertisements  and  sales  furnished  $6835-.ll,  and  the 
annual  budget  appropriation  furnished  $2968.00,  so  that 
the  Journal  during  the  year  was  published  within  the 
budget  appropriation  and  with  a  credit  balance  of  $68.68. 

In  the  October,  1917,  issue,  the  name  of  the  Club's 
publication  was  changed  from  "  Proceedings  of  the  En- 
gineers' Club  of  Philadelphia  "  to  "  The  Journal  of  the 
Engineers'  Club  of  Philadelphia  and  Affiliated  Societies." 
Subsequently  a  new  form  of  advertising  contract  and 
revised  rates  for  advertising  were  adopted  and  made 
effective  January  1,  1918,  and  a  contract  with  an  adver- 
tising solicitor  entered  into  under  date  of  March  1,  1918. 

The  above  changes  were  made  to  increase  the  value 
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of  the  publication  and  lo  add  revenue  to  the  Club  from 
advertising.  Effective  with  the  change  in  naiv.c  was  the 
standardization  of  the  arrangement  of  papers,  headings, 
notices,  etc.,  the  principal  papers  being  featured  in  the 
first  part  of  the  book.  Club  news,  Affiliated  Society 
notices,  and  reports  of  meetings  published  in  the  middle 
of  the  book,  and  all  advertising,  with  the  exception  of 
preferred  space,  printed  in  the  latter  part  of  each  number. 

The  Affiliated  Societies  have  materially  cooperated  in 
furnishing  important  papers  for  publication.  Requests 
are  continually  made  for  permission  to  reprint  papers 
and  articles  appearing  in  the  Journal,  and  these  have 
been  uniformly  and  readily  granted  in  order  to  give  the 
Journal  wider  recognition. 

The  Committee  has  endeavored  not  only  to  make  the 
Journal  the  medium  for  furnishing  to  the  Club  and 
Affiliated  Societies'  members  news  items,  committee 
notices,  reports,  and  other  information  relating  to  the 
various  Club  activities,  but  also  to  publish  as  promptly 
as  possible  papers  and  addresses  presented  during  the 
year  at  the  various  Club  and  Affiliated  Societies"  meetings. 

COMMITTEES  OH  PUBLIC  RELATIONS  AMD  CONSERVATION 
OF  FUEL 

At  the  request  of  the  Committee  on  Public  Relations, 
the  Board  of  Directors  api>ointcd  a  Committee  to  formu- 
late simple  rules  and  regulations  for  the  conservation  of 
fuel.  The  rules  as  prepared  were  published  in  the  Sunday 
edition  of  some  of  the  leading  newspapers,  were  repro- 
duced in  the  Journal  of  the  Engineers'  Club  of 
Philadelphia  and  Affiliated  Societies,  and  are  being 
further  distributed  in  pamphlet  form  by  a  local  business 
firm. 

Such  other  matters  as  came  to  the  attention  of  the 
committees  were  reported  to  the  Board  or  disposed  of  as 
seemed  proper. 

COMMITTEE  ON  BY-LAWS 

The  Committee,  during  the  current  year,  at  the  request 
of  the  Finance  Committee,  prepared  three  amendments  to 
the  By-Laws. 

First,  a  new  section,  namely  Section  9,  Article  VII, 
providing  for  Life  Membership;  second,  an  addition  to 
Section  2,  Article  I,  limiting  the  number  of  Active  resi- 
dent members,  and,  third,  a  change  in  Section  2.  Article 
VII,  increasing  the  dues  of  Active  resident  members. 


These  three  amendments  were  approved  by  the  Board 
of  Directors  ami  adopted  by  the  members  on  ballot. 

COMMITTEE  OH  NATIONAL  SERVICE 

The  Committee  on  National  Service  was  authorized 
by  the  Executive  Committee  in  September,  1917,  and  with 
this  Committee  was  merged  the  "  Committee  on  Coopera- 
tion for  National  Defense."  which  had  done  much  valu- 
able work  in  listing  and  classifying,  for  government  ser- 
vice, engineers  of  this  district. 

This  index  was  subsequently  of  some  service  to  the 
various  government  departments  in  organizing  their  en- 
gineering forces  during  the  rapid  increase  of  their  per- 
sonnel, and  was  further  placed  at  the  disposal  of  the 
Engineering  Council  at  New  York.  As  the  various  gov- 
ernmental departments  have  perfected  their  organizations, 
there  has  been  less  need  for  this  sort  of  assistance  by 
outside  parties. 

Just  prior  to  the  Christmas  holidays  the  Committee 
circularized  the  membership  with  a  view  to  obtaining  a 
Christmas  Fund  for  the  boys  of  Companies  B  and  E, 
located  at  Camp  Hancock.  Augusta,  Georgia,  with  the 
result  that  each  one  of  these  boys,  together  with  their 
officers,  received  a  Christmas  box  from  the  Club. 

From  time  to  time  such  matters  as  life  insurance  for 
members  in  the  service,  circularizing  Club  membership 
for  Liberty  Loans,  Food  Conservation,  etc.,  have  been 
referred  to  the  Committee  and  disposed  of  as  the  neces- 
sities of  each  case  seemed  to  require. 

TRUSTEES  OF  THE  BOND  REDEMPTION  FUND 


RtCF.IFTS 

1817 

March  31— Balance    $1963.08 

December  31— Coupons  cashed   10.00 

1918 

January  2—  Interest  on  deposit   67.93 

April  9—  Interest  on  note    162.50 

April  J— Instalment     272.67 

  $247618 


F.XFKSMTI  KFS    <  Sl'StJ 

1918 

April  9— Balance      $2476.18 


The  Trustees  hold  two  second  mortgage  bonds  for 
$100  each,  the  note  of  the  Club  for  $3250,  and  sundry 
papers  of  no  negotiable  value. 
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ECRETARY'S  NOTICES 

SCHEDULE  "A" 


(1)  Revenue  Account 


statement  of 
(2)  Revenue  Account— General 


1.3)  Accumulated  Funds 


(1)  Rettnue  Atcounl  for  the  Tweht  Months  Endtd  \{<xtth  St. 

Dr. 

Affiliated  societies'  expense    $553.07 

Auditor's  expense   300.00 

Badge  purchases                         ,  .  .    91.41 

Banquet  Committee    132.05 

Billiard  and  pool  purchase*.     112.24 

Buffet  luncheons    159.90 

Card  purchases      13.50 

Cigars  purchased    3745.94 

Club  development    1.091  11 


ma 


tv 

$8540 
524.30 
149.40 
4.470.52 
220.00 
31.655.62 


Club  directory       55525 

Committee  on  Papers'  expense     463.18 

Fuel    99015 

Gas  and  electricity                                              ...  1.178.15 

House  employees'  meals    1.887.35 

House  expense   2.551.83 

House  salaries    .1.62461 

Insurance— tire,  fidelity,  and  compensation  16591 

Interest-first  mortgage    2.160  00 

Interest— second  mortgage  bonds    1,856  37 

Library  books  and  periodicals      106.51 

Library  expense    71.75 

l-txlicitms   700  07 

Membership  expense    9.75 

National  defense    106.25 

Proceedings — expense   215.52 

Proceedings— publishing   9,584.63 

Proceedings — salaries    937.50 

Reserve  for  doubtful  accounts  receivable   1,607.19 

Reserve  for  depreciation    1.000.00 

Restaurant — employees'  meals    2,586.75 

Restaurant— expense    1,897.72 

Restaurant— purchases     16223  21 

Restaurant    salaries                                           ...  5.82830 

Secretary's  office—  expense   2.690.04 

Secretary's  office— meals   1. 117.00 

Secretary's  office— salaries    6.979.64 


Speakers'  expense   

Stenographer's  expense     

Taxes  

Telephone   

Wine  purchases  

Witherspoon  Hall  rent   

Sundry  adjustments  on  accounts  receivable. 


14219 

39.25 
1,227.28 
ft  58  94 
1,610.77 
352.13 
322  53 


Radge  sales    

Billiard  and  pool  sales  

Card  sales  

Cigar  sales   

Directory  sales   

Dues— members   

lines— affiliated  societies    1.639.73 

Entrance  fees   1,287,50 

Lodgings     4.240.61 

Proceedings — advertisini;    6.4'<9  2? 

Proceedings — sales  .  .  .  •     413,54 

Rentals  -meeting  room    758  7? 

Restaurant  sales   15.867.09 

Restaurant  sales— meals  of  employees   5.639.55 

Telephone  sale;   328.54 

Wine  sales   2.026.46 

Loss  for  the  twelve  months  ended  March  31,  1918    2.070  71 


$77,846.94 


$77,846.94 


(2)  Revenue  Account— Central 
AS  At  MARCH  31,  1918. 

Pr. 

Loss   fr«im  operating  for  the  period  under  review.  Campaign  Fund: 

brought  forward    $2,070  71'       Contributions  received  from  members,  et  al 

Camfaiijn  f  und 

Sundry  expenses    6.923.22 

Frederick  Colirtenay  Barber— salary,  expense,  com- 
mission, etc   1.879.90 

Interest  on  mortgage                                             .  540.00 

Insurance,  taxes,  etc   327.57 

Balance,  being  gain,  carried  to  Accumulated  Funds      .  24.275.10 

$36,016.50 


O. 
$36.01650 
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Balaxck  sheet 

AS  AT  MARCH  31.  1918 


Assets 

Current  Assets: 
Cash: 

In  tanks — 
Third  National  Bank,  Phila- 
delphia   $720  72 

Colonial  Trust  Company- 
interest  account   344  06 

On  hand    400.00 

Accounts  receivable: 

Due  by  member*   $6.868  98 

Subscription     to  Campaign 

Fund— due  by  members,  et  al.  8,761  45 

$15.63043 

Less  reserve  to  provide  for 
doubtful  accounts  receiv- 
able   1.500.00 

Inventory : 

Wines  and  liquors    $338.78 

Restaurant— provisions    216.50 

Cigars    76079 

Insurance : 

Perpetual  on  club  house   $1,783.80 

Furniture  and  fixtures   132.00 


$1,464.78 


14.130.43 


1.31607 


1.915.80 


Fixed  and  Other  Assets: 
Real  estate  and  buildings— 1315- 
1317  Spruce  Street.  Philadel- 


$120,135.55 


SI  8.827.08 


Furniture  and  fixtures— house. .  $9,737.40 
Furniture  and  fixtures— restaur- 
ant   2,926.48 

Library    2.099.50 


$14,763.38 

Less  reserve  to  provide  for 
depreciation    2,500.00 


Sinking  Fund  for  redemption  of 
second  mortgage  bonds — 
Hess  Fund: 

Interest  on  deposits   

Fart  principal  account  

Interest  on  installments   


—  special 


12,263.38 


$90  90 
909.84 
1.387.51 


♦Building 
fund 

Second  mortgage  bonds 


2.38825 

3,250.00 
3X100 


Total 


-  138237.18 
$157,064.26 


Current  Liabilities; 

Accrued  interest— first  mortgage 

Accounts  payable — 

General    $8,647.81 

New  building    6,789.10 


$1,080.00 


15.436.91 


$16,516.91 


Fixed  and  Other  Liabilities: 
Trustees  for  redemption  fund  of 

second  mortgage  bonds  

First  mortgage  payable  

r^ecor.'i  mortgage  [-onus   


$3,450.00 
60.000.00 
2S.0S0.OO 


Accumulated  funds 


52.047.3$ 


Total 


$157,06426 


Auditors'  Certificate 

W«  certify  that  we  have  audited  the  financial  books  of  the  Engineers'  Club  of  Philadelphia,  for  the  twelve  months  ended  March 
31   1918,  and  that  the  foregoing  Balance  Sheet  correctly  sets  forth  the  financial  status  of  said  Club  as  at  said  stated  date. 


*  In  hands  of  Trustees  for  the  redemption 
fund  of  second  mortgage  bonds. 


THE  UNITED  STATES  AUDIT  COMPANY, 
per  Duncan  Maclnnes,  President 
Certified  Public  Accountant  (N.  Y.) 

Respectfully  submitted, 
The  Board  or  Directors 
J.  A.  Vogleson,  President,         H.  A.  Stockly.  Secretary. 
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COMMITTEE  ON  MEMBERSHIP 

D.  ROBERT  YARNALL,  Chairman 


CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  May  13  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club,  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

WILLIAM  DAY  APPLETOH 

1934  Chestnut  Street,  Philadelphia,  Pa. 

Engineer  with  Albert  C.  Wood. 

Proposed  by  Louis  Teal  and  H.  F.  Sanvitle. 

FREDERICK  P.  BUSHMILL 

6618  North  Seventh  Street.  Philadelphia,  Pa. 

Secretary,  Alvah  Rushnell  Company. 
Proposed  by  H.  F.  Sanville  and  J.  F.  Stevens. 

ROBERT  R.  BLZBY 

119  Rhodes  Avenue,  Collingdale,  Pa. 

Draftsman,  Tioga  Steel  and  Iron  Company. 
Proposed  by  J.  Burton  Myers  and  Frank  A.  Myers. 

CHARLES  EBEN  FISHER 

3309  Arch  Street,  Philadelphia,  Pa. 

Production  Engineer.  Mid  vale  Steel  Company. 
Proposed  by  H.  T.  McGaughan  and  J.  L.  Cozzens. 

THOMAS  L  OOSLIN 

Care  of  R.  D.  Wood  &  Co.,  400  Chestnut  Street.  Philadelphia,  Pa. 

Sale*  Engineer,  R.  D.  Wood  &  Co. 
Proposed  by  J.  P.  Bell,  W.  P.  Dallett,  and  H.  A. 


SBDLBY  1 

805  Franklin  Bank  Building,  Philadelphia,  Pa. 

Secretary,  The  Bureau  of  Municipal  Research. 

Proposed  by  Percival  M.  Sax  and  John  C.  Trautwine,  Jr. 

CHARLES  A.  SCHRANZ 

Care  of  R.  D.  Wood  &  Co.,  400  Chestnut  Street,  Philadelphia.  Pa. 
Sales  Engineer.  R.  D.  Wood  &  Co. 

Proposed  by  J.  P.  Bell,  W.  P.  Dallett.  and  H.  A.  Jensenius. 

DAVID  E.  SMILEY 

67»5  North  Twelfth  Street,  Oak  l-ane.  Philadelphia,  Pa. 
Editor,  Evening  Public  Ledger. 

Proposed  by  J.  Franklin  Stevens,  H.  F.  SanVille,  Wm.  P.  Parker, 
S.  D.  Renolielaud  and  Lewis  H.  Kenncy. 


DOHALD  B.  SPAHOOLE 

Cynwyd,  Pa. 

Sales  Engineer,  Atlantic  Refining  Company. 
Proposed  by  John  M.  Maris  and  11.  B.  Stone. 

HORACE  TOMLIHSON 

1200  East  Washington  Lane,  Germantown,  Philadelphia,  Pa. 

Member  of  firm.  George  Tomlinson  4  Son,  Contractors. 
Proposed  by  L.  F.  Bacon  and  E.  C.  Thompson. 

EDWIN  T.  WOLF 

Box  85,  Narberth,  Montgomery  County,  Pa- 
Salesman,  E.  I.  duPont  de  Nemours  &  Co. 
Proposed  by  John  J.  Peacock.  Edward  F.  Cobb  and  F.  T.  Gucker. 

BENJAMIN  BLARCHARD  WOOD 

1633  North  Fifteenth  Street,  Philadelphia,  Pa. 

Chief  Estimator,  Cramps'  Shipbuilding  Company. 
Proposed  by  George  M.  Spear  and  W.  A.  Dobson. 

FOR  ELECTION  TO  JUNIOR  MEMBERSHIP 

ALFRED  KUTZ  ALTHODSB 

717  West  Marshall  Street,  Norristown,  Pa. 

Draftsman.  American  International  Shipbuilding  Corporation. 
Proposed  by  John  P.  Mudd  and  Emmett  B.  Carter. 

OBOROB  KADBL  COLEMAN 

Westville,  N.  J. 
Engineering  Assistant,  Bell  Telephone  Company  of  Pennsylvania. 
Proposed  by  J.  D.  Ferry  and  J.  P.  Beckman. 

GEORGE  ALTAIN  DOTLB 

5943  Osage  Avenue,  Philadelphia,  Pa. 

Engineering  Assistant.  Bell  Telephone  Company. 

Proposed  by  W.  M.  Boehm,  J.  D  Ferry  and  J.  P.  Beckman. 

FRANK  WILLIAM  MILLER,  JR. 

6701  North  Sixth  Street.  Oak  Lane,  Philadelphia.  Pa. 

Draughtsman,  Small   Arms   Department,   Frankford  Arsenal, 

Philadelphia,  Pa. 
Proposed  by  Moriz  Bernstein  and  A.  Sanford  Craven. 
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"  From  these  honored  dead  ue  take  increased  devotion  to  that  cause  for  which  they  gave  the  last 
full  measure  of  devotion;  these  dead  shall  not  hive  died  in  vain." — Abraham  Lincoln. 


SERGEANT FDWARD  W. BARKER 


EARLY  on  March  17.  1918.  Sergeant  F.dward  Williams 
Barker.  Junior  Member,  Company  D.  304th  Ammuni- 
tion Train,  died  at  Camp  Meade,  Maryland,  after  a 
brief  illness. 

Servant  Barker,  only  child  of  Mr.  and  Mrs.  John  Barker, 
of  Ashbourne,  Pa.,  was  born  at  Melrose.  January  16.  1895. 
He  graduated  from  the  Cheltenham  High  School,  Class  of 
1912.  After  a  year  of  manual  work  in  a  local  manufactory,  he 
entered  the  employ  of  Messrs.  Irwin  &  Lcighton,  and  by  dili- 
gent, accurate,  and  dependable  work  was  rewarded  by  rapid  pro- 
motions. He  was  also  a  graduate  of  the  evening  Course  in 
Fnxincering  at  Temple  University. 

Drafted  September  20,  1917,  he  went  to  Camp  Meade,  and 
was  made  Sergeant  of  his  company  on  January  1,  1918.  He 
held  the  good-will  of  the  men,  as  well  as  the  approval  of  his 
officers.  A  short  time  before  being  taken  to  the  hospital,  with 
more  than  five  thousand  others,  he  responded  to  the  call  for 
a  regiment  of  volunteers  for  immediate  transfer  abroad  into  the 
heavy  motortank  service. 

An  escort  of  ten  of  his  comrades,  including  four  sergeants 
and  a  bugler,  accompanied  his  remains  from  Camp  Meade  to 
the  family  burial  ground  at  Greenmount  Cemetery.  Baltimore, 
where  he  was  buried  on  March  19  with  the  usual  military 
honors. 


MEMBERS  OF  ENGINEERS'  CLUB  WHO  HAVE  BEEN  CALLED  INTO  SERVICE 
IN  THE  ARMY  OR  NAVY  OF  THE  UNITED  STATES  AS  OF  APRIL  2o,  1918 

NAME  RANI  CORPS  LOCATION* 

Aldrich.  J.  T  1st  Lieutenant  Ordnance  Officers'  Reserve  Corp*  Washington,  D.  C. 

Allen,  II.  Bltlbr  Lieutenant  U.  S.  Ordnance  Department  American  Expeditionary  Forces,  via  New  York 

Allen,  J.  G   Co.  12  Infantry,  Reserve  Officers'  Training  Camp    Fort  Oglethorpe,  Ga. 

Anders,  D.  W  Major  Company  D,  502nd  Engineers   American  Expeditionary  Forces,  France 

, „____-  i  Ti  w  .  —  - .  «i  n  f  Comm-ig.  Officer,  Rarilan  River  Ordnance 

Andrews.  Jll.M  Major  Ordnance  R.  C  \  Depot,  Mctuchen.  N.  J. 

Asplundth,  E.  T  Captain   103rd  Engineers    Camp  Hancock,  Augusta,  Ga. 

Atterbury,  W.  W.  Brigadier-General   Director-General  of  Railways       Prance 

Baker,  W.  D  2nd  Lieutenant  Aviation  Corps  France 

Banister.  E.  S  Lieutenant  Ordnance  Officers'  Reserve  Corps    Washington,  D.  C. 

Barnes,  H.  P.  {  M^nn.^hnoToV Cam"ri^ 

Bassett.  F.  H..  Jr  Officers'  Training  School  Camp  Meade,  Md. 

Bear.  H.  K  Lieutenant   Gas  Defense  Service  Camp  Greenleaf,  Ft.  Oglethorpe.  Ga. 

Bell.  Frank  F.  1st  Lieutenant  Signal  Corps.  Aviation  Section  Gerstncr  Field,  Lake  Charles.  Louisiana 

Bescherer,  P  2nd  Lieutenant  319th  Hea\-y  Artillery  Camp  Gordon.  Ga. 

Betus.  A.  J  11 1th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Biester.  W.  H..  Jr  Corporal  "Co.  E."  103rd  Engineers  Camp  Hancock.  Augusta.  Ga. 

Bishop.  A.  B  U.  S.  Radio  School  College  Park.  Md. 

Booz.  EL  C  Colonel  . .  In  Charge  of  Construction  of  Railroads.  Wharves,  etc  Amcr.  Exped.  Forces,  via  New  York 

Borresen.  W.  Y  315th  Infantry  Camp  Meade,  Admiral,  Md. 

Boyd,  F.  F  Lieutenant   U.  S.  Naval  Reserve  Force   Submarine  Base,  New  London.  Conn. 

Boyd.  G.   1st  Sergeant  Overseas  Repair  Section  No.  1    Gas  Defense  Service.  Medical  Corps 

Bradford,  J.  S   Major   103rd  Engineers  Camp  Hancock.  Augusta.  Ga. 

Bradt.  Morris  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Braksomb.  E.  D  Ensign  Naval  Air  Service  Naval  Station,  Pcnsacola,  Fla. 

Bream,  C.  C  Corporal  103rd  Engineers  Camp  Hancock.  Augusta.  Ga. 

Breen.  J.  W  Captain   Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces  via  New  York 
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Brewkr.  P.O..  Jr.  2nd  Lieutenant   307th  Engineers   Camp  Gordon.  Atlanta.  Ga. 

Bsinton,  J.  W  Lieutenant   Quartermaster  Officers'  Reserve  Depot  Quartermaster,  Baltimore.  Md. 

Britten,  D  L,  Captain  Ordnance  Offiierj'  Reserve  Corps—Inspector  of  Ordnance.  Haddon  Apts..  Cleveland,  O. 

Broaimibad,  Alex   19th  Reserve  Engineers  American  Expeditionary  Porces,  via  New  York 

BioOBRtcic.  D.  F  Major  Ordnance  Officer*'  Reserve  Corps   Rock  Island  Arsenal,  Rockland,  III. 

Brown,  J.  A   Major   Ordnance  Officers'  Reserve  Corps  Smithlown.  L.  I.,  New  York 

Brown.  X.  P  Major  Railway  Engineers  {carc^^rMWKW 

Brown.  P.  D  . ..  19th  Reserve  Engineers   American  Expeditionary  Forces,  via  New  York 

Brown.  R.  V  Lieutenant   Q.  M.  C,  304  Divisional  Trains   Camp  Meade,  Admiral,  Md. 

Brown.  W.  P   2nd  Lieutenant   462nd  Co.  (Motorcycles).  X.  A.  Port  Mycr,  Va. 

Brown.  \V.  L.  Lieutenant   Winchester  Repeating  Arms  Co.   Xew  Haven.  Conn. 

Bryant,  C  M  -   Naval  Coast  Defense   Philadelphia  Navy  Yard 

Butler.  E.  N  1st  Lieutenant   103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

CaccavaJo,  Jos.  .   Major   Engineer  Officers'  Reserve  Corps  ._    France 

Cahill,  E.  H  Carriage  Division.  F.  A. Section     Washington,  D.  C. 

Carney.  R.  K   {  ^  (rS'icJ)"  I  Pear'  Harb0f  NaVa'  SUti0n  HaWa" 

Chance.  T.  M   Captain  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

CHttos.  H.  P  1st  Lieutenant  23rd  Engineers  American  Expeditionary  Forces.  France 

Clark.  J.  W    Russian  Railway  Service  Nagasaki,  Japan 

Cleeland,  R  Cadet  Engineer  S.  S.  Neuse  Care  U.  S.  Shipping  Board 

Colcan.  R.  J  Captain  11th  Regiment  Engineers  Care  of  Adjutant-Gen'l.  Washington,  D.  C. 

o,-.,,.                       /^„„,„;„  /  Ordnance  Officers' Reserve  Corps  \  t  Office.  Chief  of  Ordnance 

L.RAIC.  l. oultek   Captain  ^  Supply  Division  ("- "  " I      Wasliington,  D.  C. 

Crampton,  G.  S  Major   Director  of  Field  Hospitals,  28th  Div   Camp  Hancock,  Augusta,  Ga. 

Crowther,  E  C   1st  Sergeant  Base  Hospital  No.  38  Second  Regiment,  X.  G.  P..  Armory,  Philadelphia 

Cumikcm,  C.  A.  Captain  Quartermaster  Officers'  Reserve    Ft.  Sam  Houston,  Texas 

Custer,  E.  A  Major   Ordnance  Officers'  Reserve  Corps  Chamber  of  Commerce  Bldg.,  Pittsburgh,  Pa. 

Cctler.  James  B  Reserve  Officers'  Training  Camp   Fort  Oglethorpe.  Ga. 

Darlington,  I.  G  1st  Lieutenant  Gun  Section,  Production  Division  Washington,  D.  C. 

Day.R.  P.   2nd  Lieutenant  Aviation  Corps  3rd  Squadron,  Ellington  Flying  Field,  Houston,  Texas 

Deruy,  C.    Captain  Ordnance  Officers' Reserve  Corps  Camp  Lee  Petersburg,  Va. 

Diu.,  C.  M  First  Battery,  Reserve  Officers'  Training  Camp   Camp  Lee,  Petersburg,  Va 

Donnelly,  J.  B.  1st  Lieutenant    103rd  Engineers  -   Camp  Hancock,  Augusta,  Ga. 

Doylb.  T.  II.  2nd  Lieutenant  U.  S.  Quartermaster's  Corps   Overseas  Service 

Dunlap,  V.  R  Lieutenant  (Jr.)  Ass't  Civil  Engineer,  U.  S.  X  Naval  Air  Station,  Pensacola.  Fla. 

DtrxN,  M.  L  Ensign  "U.  S.  S.  Connecticut"  _  Care  Postmaster,  N.  Y. 

•Dtson,  C.  W   .Rear  Admiral  Bureau  of  Steam  Engineering.  U.  S.  N  Washington,  D.  C. 

Ecehardt.  J  Corporal  10th  Regiment.  3rd  Training  Battalion  Camp  Meade,  Md. 

Elccck.  Chas   1st  Lieutenant  103rd  Engineers     Camp  Hancock,  Augusta,  Ga. 

Parr.  Roy  S  2nd  Lieutenant  30lst  Engineers'  Train  Camp  Devens.  Ayer,  Mass. 

Faust,  W.  13   103rd  Engineers  Camp  Hancock,  Augusta.  Ga. 

Pehton,  Powkli  Aviation  Corps  Prance 

Ferrer.  D.  S  Engineer  Officer  ..  Aviation  Section.  Signal  Corps  ..M.  I.  T.  School  of  Military  Aeronautics,  Cambridge,  Mass. 

Filbert,  C.  D  ....Captain   41st  Engineers  American  Expeditionary  Forces,  France 

Fish,  W.  N  1st  Lieutenant  Ordnance  Reserve  Corps  Aberdeen  Proving  Ground,  Maryland 

Porstf.r,  A.  O  Captain  (Quartc^aTter'fco^N.  A  - Washington,  D.  C. 

Prase.  A   Corporal  A  ''V^^T"'  i " " -Fort  Foot*.  Maryland 

Pdlweilkk,  J.  E   Lieutenant   Naval  Coast  Defense   American  Expeditionary  Forces,  via  New  York 

Gailinc.  H.  W..  Jr  Private  Marine  Corps  (Aviation)      Philadelphia  Navy  Yard 

Gallagher,  L.  B  2nd  Lieutenant  Railway  Trans.  Dept..  U.  S.  A  P.  O.  717,  American  Expeditionary  Forces,  France 

Gardiner,  F.  M.  Lieutenant  U.  S.  Naval  Reserve  Corps  Naval  Training  Base,  Cape  May,  N.  J. 

Garforth,  Ezra   2nd  Lieutenant  23rd  Regiment,  Highway  Engineers      American  Expeditionary  Forces,  via  New  York 

Gaum.  Carl  G  1st  Lieutenant  23rd  Regiment.  Highway  Engineers  ...American  Expeditionary  Forces,  via  New  York 

Gaothibr,  Jordan       ..  2nd  Lieutenant  56th  Engineers  Washington,  D.  C. 

Gest,  J.  B.,  2no  2nd  Lieutenant  Engineer  Officers"  Reserve  Corps      -American  Expeditionary  Forces,  via  New  York 

Gstz,  Ralph  P  2nd  Lieutenant  32nd  Engineers  Camp  Grant,  III. 

Gilbert,  W.  T  21st  Railway  Engineers  American  Expeditionary  Forces,  via  New  York 

Gill  am.  W.  H.,  Jr  1st  Lieutenant  Ordnance  Officers'  Rcscrvo  Corps  Washington,  D.  C. 

Goldsmith,  H.  F  .  ...Naval  Aviation  Training  School     Cambridge,  Mass. 

Goodwin,  H.,  Jr  Lieutenant   U.  S.  Naval  Reserve  Force    

Gracey,  A.  L  Private  Advance  Ordnance  Depot  No.  4  American  Expeditionary  Forces,  via  New  York 

Graham,  \V.  R  1st  Lieutenant  {  sjg^  cffic^Rescrvo Aviation  Mob.  Camp,  Camp  Sevier,  Greenville 

Gravf.ll.  W.  H  Captain  Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces,  via  New  York 

Gray,  B.  D  Major  Signal  Corps,  U.  S.  A  Adams  Bldg. ,  Washington,  D.  C. 

Gribbel.  W.  G  Captain    30th  Engineers  American  Expeditionary  Forces,  via  New  York 

•Griffin,  R.  S  Rear  Admiral  .  Eng.  in  Chief.  U.  S.  N.  Bur.  of  Steam  Engineering  Washington,  D.  C. 

Grossman.  P.  R.  Private  447th  Depot  Detachment  Engineers  Camp  Dcvcns,  Ayer,  Mass. 

G William,  Mark  R.  M  1st  Lieutenant  21st  U.  S.  Infantry  San  Diego,  Calif. 
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Hall,  W.  A.  Lieutenant  Naval  Coast  Defense  American  Expeditionary  Force*,  via  New  York 

Hamilton,  H.  A  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  .  

Harding,  R.  L  1st  Lieutenant  105th  Engineers  Camp  Sevier,  Greenville.  S.  C. 

Harrowbr,  R.  A.  American  Red  Cross  Ambulance  Corps  France 

Hatha wav.  II.  K   Lk-ut.-Colonei  Ordnance  N.  A  Washington,  D.  C. 

Haydock,  Roger  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  Washington  Barracks.  D.  C. 

HegrR.  J  -  Lieutenant  Engineers'  Depot   Washington,  D.C. 

Henderson,  S.  D  Private  -  -         304th  Kngineers  Camp  Meade,  Admiral,  Md. 

Henry.  J.  C  Headquarters  Dcp't  19th  Reserve  Engineers  Amer.  Exp.  Forces,  via  New  York 

Hbthbrington,  S.  C  Lieutenant  .  315th  Infantry...   Camp  Meade,  Admiral.  Md. 

Hickbv.  Y  Second  Lieutenant  Infantry  Charlotte,  Ga. 

Hollenback,  E.  E  Major  109th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Hollister,  C.J  1st  Lieutenant  Dental  Corps,  28th  Division  Camp  Hancock,  Augusta,  Ga. 

Houwe.v,  W.  P   C.  M.  A.  A  United  States  Navy  Air  Station  Cape  May.  N.  J. 

Holme.  Norman  1st  Lieutenant  458th  Truck  Co  Fort  Myer.  Va. 

Hyland,  G.  N  2nd  Lieutcnatit.  ..Aviation  Concentration  Camp  Camp  Dick,  Dallas,  Texas 

Jaque*.  J.  D.  Lieutenant  U.  S.  N.  R.  F.,  Public  Works  Dept  Navy  Yard.  Boston,  Mass. 

John,  R.  R  Officers'  Training  School  for  Coast  Artillery  Fortress  Monroe.  Va. 

Jones,  Jonathan  Captain  23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Kennedy,  J.  H  Aviation  Section,  Signal  Corps  American  Expeditionary  Forces,  via  New  York 

Kern,  F.  X  Lieutenant  23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Klein.  A.  C  Lieutenant   Production  Section,  Gun  Division   Office,  Chief  of  Ordnance,  Washington,  D.  C. 

Knbass,  E...  .Ensign  .  U.  S.  Submarine  Base  New  London,  Conn, 

Knight,  C.  C.  Jr.  Lieutenant...  318th  Field  Artillery',  N.  A.   Camp  Jackson.  S.  C. 

Koellr,  W.  P.  B  Sergeant  Signal  Corps  Washington.  D.  C 

Kraus.  P.  T  Sergeant  {  C°-"  %^^0^M°°  } Alncr-  E^  Forccs'  ™  Ncw  Ywk 

Lawrbncb,  G.  E  Lieutenant  J.  G  U.  S.  Naval  Res.  Force. .U.  S.  S.  "Nokomis,"  European  Waters,  care  Postmaster,  N.  Y. 

Lawson,  T.  W  1st  Lieutenant  109th  Infantry  Camp  Hancock.  Augusta,  Ga. 

Lea,  E.  S  Major  Artillery  Ammunition  Division  Frankford  Arsenal 

Levin,  J  2nd  Lieutenant  Coast  Artillery  Reserve  Corp*  Fort  Hancock,  N  J 

A-  H  -  -   1  1S*h  i  Camp  Meade.  Admiral.  Md. 

Lynch,  N.  H  "F"Co..  6th  U.  S,  Engineers  American  Expeditionary  Forces,  France 

MacGarrigle,  G.  L  Private  .Company  "  B,"  103rd  Engineers  Camp  Hancock.  Augusta.  Ga. 

Magee.  J.  W  1st  Lieutenant   446th  Engineers"  Pontoon  Train  Washington  Barracks.  D.  C. 

Mali.on,  G.J  Lieutenant  (Jr.)  U.  S.  Naval  Reserve  Force  U.  S.  S.  "Mt.  Vernon,"  care  of  Postmaster,  N.  Y. 

Maltby,  F.  B  ...Major.   Engineer  Officers'  Reserve  Corps.  Army  Building.  New  York 

Mardaga,  L  Ensign  U.  S.  Naval  Reserve  Force..   j  Afa&tSZ^ SZSgto. 

Martin,  T.  S..  3rd   1st  Lieutenant  .Ordnance  Officers'  Reserve  Corps  _  .  Washington,  D.  C 

Maybvrry.  W.  G.,  Jr  Lieutenant  334th  Field  Artillery,  National  Army  Camp  Pike.  Ark. 

McCausland,  J.  R....  {  MS^r^jSac*r  }  u-  s-  Post  701,  R.  T.  O.,  American  Expeditionary  Forces,  France 

McClintoce.  J.  L  U.  S.  Navy  Radio  Station  Atlantic  City,  N.J. 

McCoro,  J.  B  Lieutenant -Colonel   Ordnance  N.  A  American  Expeditionary  Forces.  France 

McCormick,  J.  C  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  Araer.  Exp.  Forces,  via  New  York 

McCoy.  J.  F  2nd  Lieutenant   Aviation  Section,  Signal  Corps    

McGarriglb.  J.  J  1st  Lieutenant  Ami-Aircraft,  Artillery  C.  A.  C  American  Expeditionary  Forces,  France 

McMillan.  H.  L..  Major  Engineers    Camp  Humphries,  Va. 

Millar.  E.  A  ,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Camp  Hancock,  Augusta.  Ga. 

Mohr.  C.  F  Private  Co.  "B,"  45th  Engineers  Camp  Arcotink.  Va. 

Moody,  Wm.  M  Reserve  Officers'  Training  Camp   Fort  Oglethorpe.  Ga. 

Moon,  T.  E  Corporal  119th  Ordnance  Depot  Co  Camp  Hancock,  Augusta.  Ga. 

Moran,  J.  B  .1st  Lieutenant  Ordnance  Officers'  Reserve  Corps   Washington,  D.  C. 

Murphy.  H.  C    Ensign    U.  S.  Navy   Room  6030,  New  Interior  Bldg..  Washington.  D.C. 

Meters.  W.  C  Captain  Ordnance  Officers'  Reserve  .Inspection  0'"»on{|u^erarpaSt,?cl  °W  C° 

Myers,  W.  T  2nd  Lieutenant  16th  U.  S.  Cavalry  Mercedes,  Texas 

Nbwlin,  E.  M  1st  Lieutenant  312  Machine  Gun  Battalion  Camp  Meade,  Admiral,  Md. 

Nbwlin.  J.  C  Major  Engineer  Officers'  Reserve  Corps  Amer.  Embassy.  London,  care  of  Vice-Admiral  Sims 

Nixon-Millbr.  M  Captain  ...Company  "B,"  501st  Engineers  France 

Notes,  S.  H  1st  Lieutenant  1st  Aero  Squadron  Columbus,  N.  M. 

*0akks,  J.  C. . . . - .-  ...Colonel....  ...113th  Engineers    Camp  Shelby,  Hattiesburg.  Miss. 

Orr.  M.  W  First  Battery.  Officers'  Training  School  Camp  Meade,  Md. 

•Or well,  Curtis  W  Colonel  319th  Engineers  Camp  Fremont.  Palo  Alto,  C*L 

Packer.  H.  M  ..1st  Lieutenant  Park  Aviation  Field  Millington.  Teon. 

Perry,  Edward  Sergeant  Motor  Truck  Company  No.  329  Camp  Lee,  Petersburg.  Va. 

Pbtbrman.  J.  M  Co.  "G,"  316th  Infantry   Camp  Meade,  Admiral,  Md. 

Peters,  B.  T   Chief  Yeoman  Naval  Coast  Defense  Dept.  Public  Works,  Philadelphia  Navy  Yard 

Pfeffbr,  H.  W  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps   Bethlehem.  Pa 

Pierce.  D.  T  American  Red  Cross  Pnnet 
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Pik,  Clayton  W  Major  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Pwchbtt.  K.  B  103rd  Trench  Mortar  Battery  Camp  Hancock,  Augusta,  Ga. 

Prince,  H.  W  Squadron  80  Camp  Eimcrman,  Fort  Worth,  Texas 

Pdch,  M.  R  Major  21st  Engineers  American  Expeditionary  Forces,  via  New  York 

Rawcliffb,  J.  P.  B  Lieutenant  79th  Field  Artillery  Houston,  Texas 

Raynsford.  CO  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps.  Washington,  D.  C. 

Rbro,  R.  W  Private  19th  Reserve  Engineers  American  Expeditionary  Forces,  via  New  York 

R"°  T"°M" CPU!"  Ordn«c.  Officer,'  Re*™  Corp  {  ^  ^T&^IX^M.  N.  J. 

Rbeder,  W.  C   Major  Ordnance  Officers'  Reserve  Corps.. . .  Washington,  D.  C. 

Rkningbr.  H.  A  _  Major  Headquarters,  103rd  Ammunition  Train,  28th  Div  Camp  Hancock.  Augusta,  Ga. 

Ridge,  R.  S  Sergeant   23nl  Engineers    Camp  Meade,  Admiral.  Md. 

Ridowat,  J.  J  1st  Lieutenant  .  Co.  "P,"  318th  Infantry  Camp  Lee,  Petersburg.  Va. 

Ritchie,  J.  M  Captain  Quartermaster  Officers'  Reserve  Washington,  D.  C. 

Rogers.  C.  B  Private  201st  Aero  Squadron  12  W.  95th  St..  New  York  City 

Roor,  J.  C  Captain  17th  Engineers    France 

Roth,  F.  E  1st  Sergeant  Utilities  Department,  Quartermaster's  Corps  Camp  Meade,  Admiral,  Md. 

Russell  J.  A  Lieutenant  Ass't  Div.  Engineer.  8oth  Division.  N.  A   Camp  Grant,  Rockford,  111. 

Sasvuxe,  L.  F  ...Private  ..108th  Field  Artillery,  Penna.  Troop*  _.  Camp  Hancock,  Augusta,  Ga. 

Satteh white,  R.  L.  Jr  Naval  Reserve  Flying  Corps  Cape  May,  N.  J. 

Sauter.  W.  R  1st  Lieutenant   Ordnance  Officers'  Reserve   Washington,  D.  C. 

{Aeronautical  1 
Mechanical  >  ...Signal  Corps.  U.  S.  A  Lindsey  Bld'g.  Dayton,  Ohio 
Engineer  J 

Schoch,  J.  B  Lieutenant  109th  U.  S.  Infantry..   Camp  Hancock.  Augusta,  Ga. 

Scull,  A.  H  Lieutenant  Railroad  Transportation  Corps  American  Expeditionary  Forces,  via  New  York 

Sch weglkr .  O.  P  Reserve  Officers'  Training  Camp  Fortress  Monroe.  Va. 

Schweizb*.  H.  W  Gas  Defense  Service.  Med.  Dept.,  U.  S.  A  Washington,  D.  C. 

Sbeahan.  J.  C  2nd  Lieutenant  Co.  11,  Section  B.  Bldg.  6   Camp  Jos.  E.  Johnston.  Jacksonville.  Fla. 

Shusteh.  W.  H.,  Jr  Lieutenant  314th  Infantry  Camp  Meade,  Md. 

Smith,  A.  H..._  Sergeant  {  ^rt^^.^Sor'ps  }  Barracks  B  104.  Camp  Meade.  Admiral.  Md. 

•Smith.  W.  S  Rear  Admiral  Navy  Department . .  Special  Duty.  Naval  Consulting  Board.  Washington,  D.  C. 

Smith.  X.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  The  Remington  ArmsW.M.C.  Co..  Ilion.N.Y. 

Spaceman,  H.  S   Major   Engineer  Officers'  Reserve     _. Overseas  Service 

Spill  an,  J  J.  D  Sergeant  Hq.  53.  Brig.  P.  A  Camp  Hancock.  Augusta,  Ga. 

St.  John  Everett  1st  Lieutenant  Coast  Artillery  Reserve  Corps   Port  duPont.  Delaware 

Tawresey.  J.  G  Naval  Constructor  Navy  Department  Construction  Officer.  Philadelphia  Navy  Yard 

Taylor.  H._  Major  304th  Regiment  Engineers  Camp  Meade,  Admiral,  Md. 

Thachbr.  C.  P..  Jr  1st  Lieutenant  Engineer  Officers'  Training  Camp  Belvoir,  Va 

Thachbr.  C.  H  2nd  Lieutenant  Engineer  Officers'  Training  Camp  .Belvoir,  Va. 

Thomas,  R.  S  Colonel  22nd  Engineers  Camp  Sheridan,  Montgomery,  Ala. 

Thomson,  H.  A  1st  Sergeant   Penna.  Quartermaster's  Corps  _  Camp  Hancock,  Augusta,  Ga. 

Thorpe.  A.  W  Corporal   Class  "B,"  Ordnance  Det.  N.  A  Gunpowdc-r  Reservation,  Edgcwnod,  Md. 

Tillson,  P.  E  Lieutenant  United  States  Naval  Reserve  Force  U.  S.  S.  "Maine" 

Til  ham.  I..  J  _  Reserve  Officers'  Barracks  '  B,"  Room  No.  373  ...Naval  Academy,  Annapolis,  Md. 

Uhlbr.W.  D   Major...  Quartermaster  Corps.  N.  A    Washington,  D.  C. 

Vaiclain.  A.  C  Major  Ordnance  Officers'  Reserve  Corps.  Watertown  Arsenal 

Vaughan.  D.  L  Captain  Quartermaster's  Corps  N.  A.   .Camp  Logan.  Houston,  Texas 

Voglrson.  J.  A  Major  Sanitary  Corps.  N.  A  Camp  Joseph  E.  Johnston,  Jacksonville,  Fla. 

Ward.  R.  C  Captain  Coast  Artillery  Fort  Grcble.  R.  I. 

Warfel,  A.  C  2nd  Lieutenant   35th  Regiment  Engineers  American  Expeditionary  Forces  via  New  York 

Warpel,  J.  P  Senior  Lieutenant  ...U.  S.  Naval  Reserve  Force  Machinery  Division.  Philadelphia  Navy  Yard 

Watson.  G.  L  Captain  Engineer  Officers'  Reserve  Corps  

Webb,  Waltbr  Loring  Major   Engineer  Officers'  Reserve  Corps.  _  France 

Wbntz,  E.  M  Asst.  Paymaster   U.S.  Naval  Reserve  Force  U.  S.  S.  Topila.  care  of  Postmaster.  N.  Y.  C. 

Wheeler,  G.  C  Presbyterian  Hospital  Unit  American  Expeditionary  Forct-s.  France 

Whitaker.  J.  H  2nd  Lieutenant    317th  Field  Artillery  Camp  Jackson.  Columbia,  iS.  C. 

White,  W.  M... Captain  and  Regimental  Adjutant  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

White.  J.  A.  Jr....  Private  Co.  "A"  109th  Infantry  _ ..Camp  Hancock,  Augusta.  Ga. 

Wild,  H.  J  Captain  Engineer  Officers'  Reserve  Corps  War  Department,  Washington,  D.  C 

Wilkinson,  R.  W  Engineers'  Training  School  Carnegie  Institute,  New  York 

Williams,  H.  L  2nd  Lieutenant  Engineer  Officers' Reserve  Corps    Corpus  Christi.  Texas 

Witte,  W.  E  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  ._  _  

Woerwag,  C.  A  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  (0fBcc  ^ngSnd  rPXS^|nU-  S'  A* 

Wood,  E.  R.  Jr  Captain  18th  Field  Artillery,  N.  A  

Work,  Leonard  1st  Lieutenant  52nd  Aero  Squadron,  A.  S.  S.  C  American  Expeditionary  Forces,  via  New  York 

Worrell,  H.  S  Lieutenant  Coast  Artillery  School   Portress  Monroe,  Va. 

Worth,  J.  G   Captain  Quartermaster  Officers'  Reserve  Alex.  Remount  Depot,  Macon,  Ga. 

Zbckwke.  J.R.*  Ensign  U.  S.  Naval  Reserve  Force  Ship  Inspection  Office,  Philadelphia 

it**.  George  A  Colonel  District  Engineers'  Office.  Custom  House  Portland,  Oregon 

*  Army  and  Navy  member. 

ENGINEERS'     CLUB     OF     PHILADELPHIA  261 


uigu 


zed  by  Google 


JUNIOR  SECTION 

£ 

^    D*.  W.  M.  Boehm,  Chairman  Ex  Officio  H.  I.  Goldstein,  Chainrun 


| 

A.  P.  Godsho,  Secretary  H 
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THE  regular  monthly  meeting  of  the  Junior  Section 
was  held  at  the  Club-house  on  April  9,  at  8.15  p.m., 
Chairman  (ioldstein  presiding. 
In  spite  of  the  very  inclement  weather  tiiere  was  a 
good  attendance,  and  those  present  were  amply  repaid  by 
the  interesting  pajx-r  presented. 

The  Chairman  announced  that,  inasmuch  as  Mr.  W.  Z. 
Kline  was  the  only  candidate  for  chairman,  the  election 
could  only  be  a  ratification  of  the  nominating  committee's 
choice.  He  therefore  announced  Mr.  Kline's  election  as 
chairman  for  next  year.  .Mr.  Kline  then  made  some 
remarks,  in  which  he  expressed  his  appreciation  of  the 
honor  cotiferred  on  him  and  his  earnest  purpose  to  have 
the  Juniors  prosper  during  the  coming  year  as  much  as, 
and  if  possible  more  than,  during  the  year  past.  He 
referred  particularly  to  the  sociability  feature,  which  he 
said  he  would  endeavor  to  emphasize. 

Mr.  Kline,  chairman  of  the  Papers  Committee,  read 
a  formal  report  of  the  work  of  his  committee.  During 
the  year,  including  the  paper  read  April  9,  seven  papers 
had  been  presented.  A  particular  effort  had  been  made 
to  form  a  well-balanced  program  by  having  the  schedule 
cover  the  entire  field  of  engineering,  so  that,  no  matter 
what  field  a  member  might  be  in.  some  of  the  papers 
would  be  of  particular  interest  to  him.  The  speakers  had 
all  made  their  papers  reasonably  ?hort  and  concise. 

Mr.  Kline  stated  that  the  Committee  had  been  some- 
what handicapped  by  the  fact  that  the  Juniors  were  not  so 
well  acquainted.  The  war  also  caused  trouble,  inasmuch 
as  a  prospective  speaker  might  be  in  Philadelphia  to-day 
and  to-morrow  be  in  uniform  somewhere  else;  other 
prospective  speakers  were  refused  permission  to  talk  by 
their  employers,  while  others  were  limited  in  their 
remarks. 

Mr.  Boettchcr,  chairman  of  the  By-Laws  Committee, 
reported  that  the  amendment  recommended  by  his  com- 
mittee with  reference  to  raising  Junior  age  limit  and 
dues  had  been  presented  to  the  P.y-I.aws  Committee  of 
the  Senior  body,  and  would  be  put  before  the  Board  of 
Directors  with  that  committee's  recommendation  in  due 
time. 

Mr.  Bind,  chairman  of  the  Club  and  Public  Relations 
Committee,  reported  the  result  of  his  work  in  attempting 
to  secure  a  more  direct  connecting  link  between  the  Senior 
and  the  Junior  bodies.  The  Board  of  Directors,  at  its 
meeting,  decided  that  the  Junior  committees  should  work 
in  closer  touch  with  the  chairmen  of  the  various  Senior 
committees,  to  whom  they  should  go  for  advice  and  in- 
structions. Tt  was  also  decided  that  at  any  Board  meet- 
ing, when  matters  pertaining  to  the  Juniors  were  under 


discussion,  a  Junior  appointed  by  the  Chairman  oi  the 
Junior  Section  could  be  present.  Mr.  Bittel  stated  thai 
this,  in  his  opinion,  was  eminently  satisfactory,  and  that 
now  any  matter  could  be  presented  to  the  proper  author- 
ities direct  without  the  necessity  of  having  it  go  thru 
an  intermediary. 

The  paper  of  the  evening  was  then  presented  by 
Mr.  R.  B.  Nicholson,  entitled  "The  Standardization  of 
.Steel  Mill  Building  Construction." 

The  points  brought  out  by  Mr.  Nicholsons  paper  were 
that  the  standardization  of  mill  buildings  follows  naturally 
on  standard  methods  and  standard  parts  now  used  in 
structural  work.  A  careful  study  and  analysis  of  many 
existing  buildings  brings  out  the  fact  that  many  parts  of 
these  buildings  are  alike,  even  in  many  highly  specialized 
buildings. 

Standardization  of  this  type  of  construction  possesses 
three  distinct  advantages ;  i.e..  speed  of  construction,  lower 
cost,  and  reduction  in  the  labor  force  required. 

Speed  of  construction  is  obtained  by  having  plans 
ready,  costs  figured,  roof  trusses,  beams,  columns,  and 
sash  ready  fabricated  to  be  shipped  to  the  job  and  assem- 
bled on  the  site. 

The  second  advantage,  or  lower  cost,  depends  on  the 
activity  of  business.  When  building  work  is  active, 
prices  for  material  and  labor  advance  until  they  reach  a 
prohibitive  figure,  work  stops,  and  a  period  of  lower  prices 
sets  in.  Buving  material  when  prices  are  low  and  carry- 
ing it  in  stock  for  future  use  reduces  the  cost  and  saves 
monev  for  producer  and  consumer.  This  is  especially 
possible  with  standardized  work.  Again,  the  cost  of  plans 
that  are  used  many  times  for  different  jobs  is  practically 
absorbed. 

The  third  advantage,  reduction  in  labor  force,  lies  in 
the  standard  operation  repeated  over  and  over  until  it 
becomes  second  nature,  thus  permitting  greater  speed  with 
fewer  men. 

Standard  types  of  buildings  show  efficient  construc- 
tion for  widely  varying  uses,  and  range  from  small  ma- 
chine shops  and  mills  covering  a  few  hundred  square  feet 
of  space  to  foundries,  forge  shops,  and  factories  cover- 
ing acres  of  ground,  these  being  merely  the  repetition  of 
the  same  type  or  combinations  of  the  several  types. 

The  illustrations  shown  by  Mr.  Nicholson  were  not 
temporary  shacks,  but  substantial  structures  for  jicrnia- 
nent  use. 

There  was  a  very  lively  discussion  of  Mr.  Nicholson's 
paper,  showing  the  interest  which  it  aroused. 

The  competition  for  the  Junior  Prize  closed  Monday 
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OX  March  27  the  local  seel  ion  again  joined  hands 
with  the  Engineers'  Club  in  holding  a  meeting  at 
Witherspoon  Hall.  Mr.  J.  A.  Steininetz  presided. 
Dr.  S.  \V.  Stratton,  of  Washington,  D.  C,  who  is 
well  known  thru  his  connection  with  the  United  States 
Bureau  of  Standards,  delivered  an  excellent  address  deal- 
ing with  the  usefulness  of  the  Bureau  on  war  work.  His 
address  was  profusely  illustrated  with  lantern  slides, 
showing  instruments  of  precision  used  in  calibrations 
and  comparisons.  This  paper  will  be  published  in  a  sub- 
sequent issue  of  the  Journal. 

C  orporal  Street,  a  Canadian  in  the  British  Army,  and 
who  is  attached  to  the  British  Recruiting  Mission  with 
Col.  St.  George  I.oftus  Steel,  gave  a  patriotic  talk  at  the 
close  of  Doctor  Stratton's  paper. 

Altho  the  April  meeting  will  have  been  held  before 
the  Jocrnai.  reaches  the  members,  it  will  be  too  laic  for 
a  report  of  it  in  this  issue.  A  dinner  meeting  at  the 
Adclphia  Hotel  is  planned,  at  which  the  Council  of  the 
National  Society  will  be  our  guests. 

The  Committee  is  as  follows :  T.  C.  McBride  (chair- 
man), W.  D.  Disston,  W.  C.  L.  Eglin,  Strickland  L. 
Kneass,  Coleman  Sellers,  Jr.,  S.  M.  Vauclain,  A.  L. 
Church,  A.  C.  Dinkey,  Dr.  Hollis  Godfrey.  Wilfred  Lewis, 
and  W.  S.  Twining. 

The  Executive  Committee  desires  to  thank  the  follow- 
ing men  for  assisting  in  making  arrangements  for  the 
meeting:  C.  N.  Lauer,  P.  P.  Henshatl,  Capt.  H.  Tilson, 
Chester  Larner,  Leo  Loeb,  A.  C.  Jackson,  L.  L.  Hepburn, 
L.  H.  Kenncy.  and  H.  H.  Esselstyn. 

The  War  Department  has  written  the  secretary  of  the 
local  section,  urging  whatever  action,  thru  announce- 
ments at  its  meetings  or  publications,  may  be  necessary 
to  help  recruit  men  for  non-military  positions  in  the  Ord- 
nance Department.  The  word  has  been  passed  along 
that  for  some  of  the  positions  ihere  is  almost  no  limit  to 
the  number  of  men  which  can  be  utilized. 

The  following  positions  are  open  and  will  I*  filled 


thru  Civil  Service  examination.  Entrance  compensation 
ranges  from  $800  to  $6000  per  year. 

An  announcement  giving  details  of  requirements  may 
be  examined  at  the  office  of  the  Society,  or  copies  may  be 
obtained  by  writing  to  Civilians  Personnel  Section,  Office 
of  Chief  of  Ordnance,  U.  S.  Army,  1333  F  Street,  N.  W., 
Washington,  D.  C,  and  referring  to  letter  V-230-H. 

Position  Eiitra'ic*"  Announce- 
ComperifciiUf.n  ment  No. 

Inspector,  powder  and  explosives  chemists  $1600-2400  108 

Assistant   inspector,  powder  and  explosives 

chemists    1000-1600  108 

Assistant  inspector,  machine  guns   1200-1500  134 

Assistant  inspector,  artillery  wheels,  gun  car- 
riage  forging*,  castings,  and  steel  mill 

products    1200-1500  139 

Inspector,  gun  carriages    1800-2400  136 

Assistant  inspector,  gun  carriages   1200-1500  136 

Assistant  inspector,  carriage  parts   1000-1500  155 

Junior  accountant    1200-1800  155 

Cost  accountant  supervisor   2400-6000  157 

Mechanical  draftsman   800-1800  242 

Munitions  inspector,  artillery  ammunition   1600-2400  1240 

Inspector,  small  arms   1600-2400  1550 

Assistant  inspector,  small  arms    800-1600  1550 

Metallurgical  chemist    1600-2400  1617 

Assistant  metallurgical  chemist     1000-1600  1617 

Doric  qualified  in  statistics  or  accounting. .      .  1000-1800  2030 

Inspector,  small  arms  ammunition    1500-2400  2078 

Assistant  inspector,  small  arms  ammunition.  8(10-1500  2078 

Statistical!    1800  and  expenses, 

upward  and  down- 
ward. 2147 

Assistant    inspector    of    cannon  (forging 

operations)    1200-2400  2179 

Assistant   inspector  of   cannon  (machining 

operations)    1200-2400  2179 

Assistant  inspector  of  gunfire  control  instru- 
ments   1200-1500  2232 

Production  clerk    1500  22S3 

Inspector,  material  for  small  arms    1600-2400  2234 

Assistant  inspector  for  small  arms   1000-1600  2250 

Accessory  inspector,  small  arms  ammunition..  1200-1900  2259 

Ballistic  inspector,  small  arms  ammunition  1200  2100  2259 


JUNIOR  SECTION 

(Continued from  Pop  2G2) 


evening,  April  15,  five  papers  having  been  submitted. 
While  the  number  falls  short  of  last  year,  it  was  not 
unexpected,  because  a  large  number  of  the  boys  are  in 
the  Service,  and  those  that  are  not  have  been  much  busier 
than  in  previous  years.   The  |>apcrs  submitted  were : 

"  Electricity  as  Applied  to  Traction,"  by  Mr.  Edward 
M.  Bredin. 

"  A  Radical  Change  in  the  Stern  Frame  and  Rudder 


on  Some  of  Our  New  Merchant  Fleet,"  by  Mr.  Ellis  G. 
Joseph. 

"  Industrial  Chemical  Structures,"  by  Mr.  Jerome  S. 
Marcus. 

"  The  Development  of  a  Pitot  Tube  for  Accurate 
Measurement  of  Gas  and  Air  Flow,"  by  Mr.  Lester  M. 
Goldsmith. 

"  Powdered  Coal,"  by  Mr.  Martin  G.  Rittel. 
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THE  May  meeting  will  be  held  at  the  Engineers'  Club 
on  May  13.    The  subject  of  the  paper  to  be  pre- 
sented is  "  The  Big  Creek  Plant  of  the  Southern 
California  Edison  Company,"  by  Mr.  J.  H.  Anderton. 

The  April  meeting  was  held  on  the  8th,  at  the  Engi- 
neers' Club.  Mr.  H.  S.  Warren,  of  the  American  Tele- 
phone and  Telegraph  Company,  read  a  very  interesting 
paper  on  the  "  Inductive  Interference  of  Alternating- 
current  Railroads  upon  Communication  Lines."  Mr. 
Warren  outlined,  in  an  introduction,  the  general  nature 
of  the  inductive  interference  effects  experienced  on  com- 
munication lines  on  account  of  the  parallelism  of  power 
lines,  and  the  specific  difficulties  of  the  problem  where 
alternating-current  railroads  are  involved  in  the  inter- 
ference.   Such  difficulties,  it  was  outlined,  arise  mainly 


H.  Moukadian,  Secretary,  1631  Arch  Street  H 
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thru  the  earth  return  of  large  amounts  of  current  and 
thru  the  difficulty  of  providing  adequate  separation  when 
the  railroad  company  and  the  telephone  utility  are  serv- 
ing the  same  community.  He  spoke  particularly  in  regard 
to  the  difficulties  of  coping  with  the  heavy  interference 
effects  produced  at  times  of  abnormal  operation  of  the 
railroad  (short  circuits,  etc.).  He  described  several  spe- 
cific cases  of  electrification  and  the  methods  used  in  each 
case  to  meet  the  interference,  and  stated  that  progress 
had  been  made  and  new  methods  developed,  but  that  in 
some  cases  the  application  of  the  methods  required  con- 
siderable expenditure  of  money. 

The  paper  was  discussed  by  Messrs.  S.  Whitingdon, 
A.  W.  Copley,  H.  Mouradian,  W.  C.  L.  Eglin,  P.  Spencer, 
P.  H.  Shepard,  and  Professor  Scott. 


PHILADELPHIA 

LOCAL  SECTION  No.  7  OF 

J.  F.  CuNN'r.R,  President 


SAFETY  COUNCIL 

NATIONAL  SAFETY  COUNCIL 
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THE  meeting  of  the  Philadelphia  Safety  Council 
held  on  March  25  was  an  excellent  one. 

The  evening  was  given  over  to  a  discussion  on 
the  prevention  of  foundry  accidents.  Mr.  Alexander  E. 
Outerbridge,  Jr.,  metallurgist  of  William  Sellers  &  Co., 
gave  a  paper  on  the  subject,  illustrating  it  with  lantern 
slides.  Mr.  H.  B.  Harmer,  of  the  Philadelphia  Electric 
Company,  presided.  The  following  took  part  in  the  dis- 
cussion:  Mr.  C.  C.  Black.  Department  of  Labor  and  In- 
dustry; Mr.  Schilling,  formerly  of  the  National  Museum 
of  Safety;  Mr.  Edwin  Elliott.  Midvale  Steel  and  Ordnance 


Company;  Mr.  Charles  Lobs,  Midvale  Steel  and  Ord- 
nance Company ;  Mr.  C.  Howard  Williams,  American 
Pulley  Company ;  Mr.  Otte,  William  Sellers  &  Co..  and 
Mr.  H.  B.  Harmer,  Philadelphia  Electric  Company. 

An  abstract  of  Professor  Outcrbridge  s  paper  will  be 
published  in  the  June  issue  of  the  Journal. 

The  April  meeting,  which  will  be  held  after  this  issue 
of  the  Joi'RN ai.  goes  to  press,  but  before  it  reaches  the 
members,  shows  every  indication  of  being  a  banner  affair. 
A  dinner  in  the  new  dining-room  of  the  Engineers'  Club 
will  precede  the  meeting. 
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MAY  MEETING 

THE  May  meeting  of  the  Philadelphia  Section  of  the 
Illuminating  Engineering  Society  will  be  held  on  the 
17th,  at  the  Engineers'  Gub,  and  will  be  a  joint 
meeting  with  the  Philadelphia  Safety  Council. 

The  meeting  will  be  opened  by  Mr.  Lyon,  who  will 
give  another  talk  on  "  Illuminating  Engineering  Nomen- 
clature." The  paper  of  the  evening  will  be  by  Dr.  C.  E. 
DeM.  Sajous  on  "  The  Relation  of  Light  to  Health." 
Doctor  Sajous,  who  is  well  qualified  to  speak  on  this  sub- 
ject, will  first  state  the  prevailing  knowledge  concerning 
the  influence  of  light  upon  the  tissue-cell.  The  vital  proc- 
ess as  now  interpreted  affords  no  logical  link  between 
light-energy  and  vital  phenomena.  He  will  give  the  estab- 
lished facts  that  offer  a  solid  foundation  for  a  rational 
interpretation  of  the  vital  process.  The  influence  of  light- 
energy  upon  this  process  under  normal  and  morbid  condi- 
tions will  be  discussed,  as  well  as  the  preservation  of 
health  by  a  radical  supply  of  light-energy.  How  diseases 
are  antagonized  by  heat  and  radiant  energy,  the  under- 
lying purposes  of  fever,  and  the  effect  of  solar  light  and 
other  forms  of  radiant  energy  as  curative  agents  will  be 
brought  out  in  this  paper. 

The  usual  dinner  at  the  Club  will  precede  the  meet- 
ing, to  which  all  of  those  intending  to  attend  the  meeting 
are  invited,  and  are  requested  to  notify  the  office  of  the 
Club  to  this  effect. 

APRIL  MEETING 

The  April  meeting  of  the  Philadelphia  Section,  on  the 
19th,  was  a  most  interesting  and  successful  occasion.  The 
102  members  and  visitors  present  included  a  number  of 
ladies  and  left  few  vacant  seats  in  the  room. 


The  paper  of  the  evening  was  on  "  The  Progress  of 
Illuminating  Engineering  During  the  Past  Year,"  and 
was  presented  jointly  by  Mr.  F.  E.  Cady,  of  the  National 
I  .amp  Works,  of  Cleveland,  Ohio,  and  Mr.  R.  F.  Pierce, 
of  the  Welsbach  Company. 

Mr.  Pierce  spoke  of  the  progress  in  gas  manufacture 
and  lighting,  the  principal  development,  from  an  economic 
standpoint,  being  an  apparatus  devised  for  generating  gas 
from  millions  of  tons  of  straw  annually  burned  in  Canada 
in  order  to  clear  the  ground. 

Mr.  Cady  spoke  on  the  development  in  electric  light- 
ing, mentioning  many  different  forms  of  lamps  and  de- 
vices which  have  recently  been  placed  upon  the  market. 
His  talk  was  illustrated  by  lantern  slides,  as  well  as  by 
an  extensive  exhibition  of  the  devices  referred  to.  which 
had  been  collected  by  the  Exhibition  Committee. 

Following  these  speakers.  Mrs.  Mary  Hallock  Greene- 
wait  gave  a  talk  on  "  The  Relation  of  Light  to  Music." 
She  spoke  on  the  effect  of  light  in  Nature  on  birds  and 
flowers,  and  compared  the  various  colors  with  the  tones 
in  music.  She  illustrated  her  point  by  playing  Beeth- 
oven's "  Moonlight  Sonata,"  with  an  accompaniment  of 
bluish  light  which  increased  and  decreased  with  the  music. 
She  then  played  one  of  De  Bussy's  compositions,  and  at 
the  same  time  was  enveloped  in  varying  shades  of  color 
which  were  intended  to  give  a  visible  expression  to  the 
musical  notes.  This  effect  was  produced  by  means  of 
colored  screens  passing  in  front  of  an  electric  lamp,  and 
the  suggestion  was  made,  that  such  effects  should  be 
worked  out  for  each  composition  and  results  obtained 
automatically  by  the  various  forms  of  player  pianos. 

Preceding  the  meeting  the  usual  dinner  was  held  in 
the  Club's  dining-room,  which  was  attended  by  twenty- 
eight  members  and  guests. 
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THE  last  meeting  of  the  Pennsylvania  Section  of 
the  Society  of  Automotive  Engineers  for  the 
season  will  be  held  April  25  and  will  take  the 
form  of  a  business  meeting,  with  election  of  officers. 


which  will  be  followed  by  a  patriotic  meeting,  with 
some  interesting  addresses  from  soldiers  who  have 
been  at  the  front. 

The  annual  outing  will  be  held  on  May  25. 
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THE  HEAVY  OIL  ENGINE* 

By  CHARLES  E.  LUCRE 

PH0EESSOK  MECHANU  AL  ENGINEERING.  CULI  MBIA  IMVEHSITY. 
NEW  YORK  CITY 


THE  heavy  oil  engine  is  of  particular  interest  at  this 
time  because  those  who  are  familiar  with  the  prob- 
lem believe  a  change  is  coming  in  the  situation.  It 
is  my  intention  to  present,  in  a  more  or  less  informal  way, 
some  of  the  ideas  involved  in  the  development  up  to  the 
present  time  and  also  those  which  lead  us  to  believe  that  a 
change  is  about  to  take  place,  and  in  about  what  direction. 
What  1  say  is  somewhat  in  the  nature  of  a  prediction, 
altho  he  is  a  bold  man  who  undertakes  to  make  a  pre- 
diction on  these  matters.  Nevertheless,  I  am  inclined  to 
have  a  little  more  confidence  than  usual  because  about  a 
year  ago  I  talked  to  you  here  about  aeronautical  engines, 
and  showed  those  who  were  not  already  familiar  with  that 
fact  from  what  a  chaotic  state  the  art  of  aeronautical 
engine  construction  was  then  emerging,  and  ventured  to 
lay  down  some  general  lines  of  practice  that  seemed  to 
be  pro|>cr  and  a  good  basis  for  future  work  to  follow. 

Since  that  time  this  country  has  been  drawn  into  the 
great  war,  and  likewise  since  then  the  Liberty  motor  has 
been  designed  and  put  on  a  manufacturing  basis.  A  good 
many  ideas  that  were  presented  a  year  ago  before  the 
inception  of  that  motor,  and  before  there  were  standards 
of  any  kind,  have  been  incoqwrated  in  it.  A  number  of 
the  things  which  were  then  not  standard  and  which  were 
recommended  as  standard  have  since  become  standard. 

I  feel,  therefore,  somewhat  more  confident  in  the  sort 
of  prediction  to  be  made  to-night  on  the  heavy  oil  engine. 

It  may  be  of  interest  for  me  also  to  say  here  that  as  a 
result  of  the  war  my  entire  time,  to  the  exclusion  of  all  other 
things,  has  been  devoted  to  the  subject  of  internal-com- 
bustion engines  for  the  navy  service.  The  Navy  Depart- 
ment has  established  at  Columbia — about  the  Mechanical 
Engineering  Department,  as  a  nucleus — the  official  United 
States  Navy  Gas  Engine  School,  and  over  nine  hundred 
men  have  been  given,  all  without  any  internal-combustion 
experience  before  they  came,  a  four  weeks'  finishing 
course  of  training  and  have  been  turned  out  into  the 
service.  Of  those  men,  the  leading  engineers  of  over  two 
hundred  of  the  submarine  chasers  form  a  part.  That  work 
is  now  going  on  and  will  continue  until  all  these  boats 
have  been  manned  with  trained  men. 

It  is  interesting  to  note,  also,  that  these  boat?  were 

*  Presented  before  the  Engineer*'  Clu!.,  January  29, 


non-existent  a  year  ago;  they  did  not  even  exist  com- 
pletely on  paper,  and  Wore  a  year  will  have  passed  from 
the  time  when  they  were  paper  things  there  will  have  been 
completed,  and  in  the  water  and  completely  manned  and 
officered  by  trained  men,  over  three  hundred  of  them. 
Even  tho  that  is  a  small  matter  in  the  naval  program,  it  is 
nevertheless  an  accomplishment  that  all  ought  to  feel 
proud  of. 

The  gas  engine  school  at  Columbia  University  is  also 
now  undertaking  to  train  the  engineers  and  leading 
mechanics  to  take  charge  of  the  motors  for  the  navy 
foreign  flying  base  station  service.  I  mention  that  because 
1  want  something  from  you  in  that  connection ;  to  help 
secure  fine,  competent  internal-combustion  engine  men 
who  arc  also  machinists,  and  therefore  the  kind  of  men 
that  can  safety  l>c  trusted  with  the  enormous  responsi- 
bility of  proper  maintenance  of  an  aeronautical  motor, 
the  failure  of  which  may  cause  the  sacrifice  of  life.  We 
will  not  undertake  to  train  any  man  who  is  not  at  the 
start  a  pretty  good  man — at  least  from  the  experience 
standpoint.  We  arc  not  finding  these  men  at  the  present 
time  as  fast  as  we  need  them,  so  1  am  mentioning  this 
fact  with  the  idea  that  those  of  you  who  are  here  and 
who  know  such  men  will  let  me  have  their  names,  or  at 
least  tell  them  to  apply  for  that  class  of  service,  if  they 
like  it,  and  I  will  see  what  can  be  done  to  bring  them  in. 
Tile  leading  men  will  receive  the  rank  of  Ensign  in  Class  5, 
the  Naval  Reserve  Flying  Corps,  and  will  have  the  job 
of  Engineer  Officer. 

To  return  to  the  subject,  the  heavy  oil  engine.  The 
heavy  oil  engine  in  this  country  has  never  amounted  to 
very  much.  That  fact  itself  should  prompt  some  inquiry, 
because  this  country  is  the  home  of  petroleum. 

The  heavy  oil  engine  as  an  internal-combustion  engine 
has  so  far  proved  itself  to  be  capable  of  the  highest  known 
thermal  efficiency  in  transforming  the  heat  of  combustion 
into  work.  Efficiencies  approaching  40  per  cent,  are 
normal,  and  in  some  rare  cases  this  is  exceeded.  This 
is  not  equaled  by  any  other  system  that  has  ever  been 
produced. 

Putting  those  two  facts  side  by  side,  you  will  see  a 
cause  for  wonder  at  once.  Here  is  America  producing 
more  petroleum  than  any  other  country  in  the  world,  and 
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doing  it  tor  a  long  time  back — something  like  fifty  years — 
and  yet  the  motor  that  operates  with  this  oil — the  most 
efficient  known — the  heavy  oil  engine  in  this  land  of 
petroleum  is,  compared  with  other  classes  of  machinery, 
practically  a  failure.  It  is  a  failure  in  the  sense  that  the 
business  of  producing  it  has  not  expanded  materially,  and 
it  has  been  in  general  an  unprofitable  business.  No  one  in 
this  country  has  made  much,  if  any,  money  in  building  oil 
engines,  and  a  great  many  who  have  thought  of  going  into 
the  business  with  excellent  prospects,  good  plans,  and 
plenty  of  capital  behind  them  finally  decided  not  to  do  so 
on  the  record  of  failure  to  produce  dividends  on  the  part 
of  those  who  are  already  in. 

There  has  been  from  the  beginning  great  interest  in 
the  oil  engine.  It  is  a  thing  attractive  to  the  mind.  Every- 
body thinks  about  it.  And  yet,  on  the  commercial  side, 
there  has  been  very  little  demand — not  sufficient  demand 
anywhere  to  warrant  any  really  large  establishment  con- 
fining itself  to  the  production  of  oil  engines  with  a  com- 
petent engineering  staff  and  research  department  such  as 
would  be  necessary  to  do  the  thing  right.  This  lack  of 
demand  is  rather  difficult  to  explain,  but  it  is  nevertheless 
real.  Assume  it  to  be  a  fact,  without  investigation,  and 
put  it  down  as  the  first  of  the  various  causes  for  lack  of 
development.  The  next  cause  is  the  fact  that  this  is  the 
land  of  petroleum,  and  therefore  the  land  where  petroleum 
and  its  products  are  held  in  least  value.  In  other  words, 
we  are  prodigal  of  petroleum  and  have  not  the  induce- 
ment, by  reason  of  our  multiple  supply,  to  economize  it. 
In  the  place  wlvere  oil  is  so  plentiful  naturally  it  is  not 
regarded  as  a  valuable  product — not  nearly  so  much  as  in 
a  distant  country,  where  its  cost  is  high.  That  fact  makes 
the  high  efficiency  mentioned  before  lose  its  attractions, 
and  when  it  is  remembered  that  the  machine  to  produce 
this  high  efficiency  is  a  costly  machine,  therein  lies  the 
elements  of  financial  balance  that  turn  the  wrong  way. 

The  cost  of  power,  when  it  is  the  controlling  factor— 
and  that  is  usually  the  case  in  stationary  installations— 
is  made  up  of  two  charges :  fixed  and  o|>erating.  The 
fixed  charges  are  based  primarily  on  the  first  cost  of  the 
engine,  and  the  heavy  oil  engine  has  always  been  an  ex- 
pensive engine — never  less  than  $60  per  horsepower  and 
often  as  much  as  $80  jxt  horsepower.  On  the  other  side 
is  the  operating  expense,  the  principal  item  of  which 
usually  is  the  cost  of  fuel.  The  more  highly  efficient  is 
the  engine,  in  fuel  consumption,  the  less  will  be  the  fuel 
cost  per  horsepower-hour,  and  therefore  the  more  promi- 
nently this  heavy  fixed  charge  will  stand  out. 

In  all  cases  where  the  cost  of  power  is  the  controlling 
factor  these  financial  facts  are  to  l«  laid  beside  the  fact 
of  the  lack  of  demand  for  these  oil  engines.  Nevertheless, 
as  time  goes  on,  inventors,  designers,  and  research  men 
are  not  deterred  from  trying  out  schemes,  so  that,  in  spite 
of  this  lack  of  financial  and  business  encouragement,  there 
is  a  very  considerable  degree  of  progress — much  slower 
than  it  ought  to  be,  but  nevertheless  real.  Unfortunately, 
in  this  case  the  public  in  general  is  not  informed  about 
this  progress,  and  therefore  when,  due  to  a  change  in 
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economic  conditions,  the  time  conies  to  make  use  of  all 
the  available  information  on  the  subject,  we  suddenly 
wake  up  to  the  fact  that  it  is  in  the  hands  of  a  few  people 
and  the  rest  of  the  public  knows  nothing  about  it. 

The  present  is  a  time  of  change,  and  there  are  two 
reasons  for  that.  In  the  first  place,  the  war  has  brought 
about  a  shipping  situation  which  is  unprecedented  in  the 
history  of  the  world.  There  is  a  demand  for  ships  to-day 
such  as  never  existed  before,  but  there  is  at  the  same  time 
just  as  real  and  as  strong  a  demand  for  the  men  to  run 
those  ships.  The  heavy  oil  engine  is  one  of  the  various 
jiossible  ways  of  driving  a  ship,  providing  the  ship  Ik  not 
too  large.  Its  fuel  economy  is  a  direct  value  in  ship  opera- 
tion, since  it  gives  a  larger  cruising  radius  or  the  maximum 
possible  cargo  capacity.  It,  furthermore,  is  peculiarly 
adapted  to  a  ship,  in  view  of  the  fact  that  we  are  facing 
a  labor  shortage  in  ship  o|>eration,  and  the  heavy  oil  engine 
ship  can  l»e  operated  with  less  men  below  the  deck  than 
any  other  type  of  vessel  ever  produced — except,  of  course, 
the  small  gasoline  boat.  The  war.  then,  has  brought  to 
our  attention  this  heavy  oil  engine  as  a  possible  motive 
power  for  the  smaller  of  these  new  merchant  vessels  as 
well  as  naval  vessels,  tho  more  merchant  than  naval.  And 
it  is  a  fact  that  shipping  people  are  considering  this  ques- 
tion to-day  all  over  the  country,  but  most  of  them  are 
afraid  to  act.  They  would  all  like  to,  as  nan  as  I  can 
find  out  by  talking  to  them,  but  they  are  afraid  to  act.  To 
my  mind  the  time  is  not  far  distant  when  they  will  have 
to  act,  or  lose  something  by  not  acting. 

Aside  from  the  shipping  situation,  there  is  another 
reason,  and  that  is  the  economic  reason  of  an  appreciation 
of  the  value  of  this  wonderful  fuel  that  Nature  has  placed 
beneath  our  country's  land  surface.  This  fuel  is  pecu- 
liarly adapted  to  this  sort  of  use :  the  generation  of  power 
in  internal-combustion  engines  directly,  with  the  highest 
l>ossible  efficiency  and  the  least  possible  man  attendance. 
Fuel  has  been  wasted  in  this  country,  especially  in 
that  region  near  the  oil  fields,  just  because  it  was 
plentiful.  Nevertheless,  we  are  coming  to  the  jxiint  when 
the  people — if  not  the  people,  certainly  the  government— 
will  be  compelled  to  force  the  abandonment  of  the  use 
of  this  fuel  for  all  purposes  where  other  kinds  of  fuel  that 
can  be  had  in  more  plentiful  supplies  would  do  as  well. 
When  you  consider  that  oil  or  petroleum  is  the  only  kind 
of  fuel  that  can  be  used  in  the  high  efficiency  engine,  then 
it  becomes  clear  that  to  burn  it  to  warm  a  living-room 
where  charcoal  or  wood  or  coal  of  any  grade  would  do 
quite  as  well  is  to  commit  a  sort  of  economic  crime.  That 
feeling  and  the  financial  consequences  of  not  acting  upon 
the  realization  of  that  situation  will  come  to  a  climax 
before  very  long,  and  result  in  a  plan  for  conservation 
of  our  liquid  fuel  or  petrotcum  supply,  so  that  it  shall  be 
used  for  only  those  purposes  for  which  it  is  peculiarly 
adapted  and  be  barred  from  all  other  uses  where  other 
things  will  suffice.  In  the  natural  course  of  events  people 
wait  for  prices  to  bring  such  a  situation  about,  but  this  is 
not  a  time  that  properly  is  classifiable  as  belonging  in  the 
natural  course  of  events.    This  is  a  time  which  is  dis- 
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tinctly  abnormal  and  unnatural.  Wc  hear  every  day  plans 
proposed  and  turned  down  because  there  is  no  precedent, 
with  always  the  rejoinder  that  here  wc  arc  in  a  great  war 
for  which  there  is  no  precedent,  so  why  follow  precedents 
in  other  things?  We  have  been  forced  to  change  in  a 
thousand-and-one  things,  so  let  us  change  in  a  thousand- 
and-two  things,  and  do  it  quickly. 

I  could  expand  to  considerable  length  along  the  lines 
oi  the  economic  situation  with  regard  to  the  use  of  oil 
and  the  peculiar  adaptability  of  oil  in  the  internal-com- 
bustion engine,  and  the  particular  adaptability  of  that  class 
of  engine  to  the  ship  service,  but  1  want  you  to  realize 
that  there  is  another  field  also  where  there  is  a  demand 
slowly  but  surely  growing  up,  and  that  all  these  separate 
demands,  coupled  with  the  growing  change  in  the  economic 
situation,  must  certainly,  one  piling  on  top  of  the  other, 
produce  a  new  condition  which  I  foresee. 

We  have  a  real  gasoline  automobile  industry,  and  it  is 
becoming  a  great  manufacturing  industry,  but  it  is  to-day 
tied  up  to  and  inherently  dependent  upon  the  lighter 
petroleum  distillates.  There  is  no  highly  economical  gaso- 
line or  kerosene  engine,  and  every  reason  leads  us  to 
believe  fundamentally  that  none  can  be  produced  on  the 
present  system.  To  make  out  automobiles  and  motor 
truck*  and  tractors  run,  and  to  make  our  available  sources 
of  fuel  supply  last,  there  seems  to  be  only  one  solution, 
and  the  leading  engineers  and  mechanics  in  the  automobile 
industry  arc  beginning  to  talk  about  that  solution :  the 
a<laptation  of  the  heavy  oil  type  of  engine  to  the  high- 
speed class  of  service  which  such  as  the  automobile  and 
the  tractor  require.  It  is  coming :  there  can  I*  no  question 
about  it.  If  anybody  is  able  to-day  to  produce  the  high- 
s[<eed  type  of  engine  necessary,  even  tho  it  costs  more 
money  to  build,  rest  assured  it  will  be  adopted  very  quickly. 

There  is  a  third  field,  and  that  is  the  field  of  direct- 
connected  electric  generating  sets.  For  a  long  time  in 
the  gas-engine  business  we  built  engines  to  drive  gen- 
erators in  a  kind  of  haphazard  fashion.  As  time  went  on 
a  particular  type  of  outfit  began  to  appear — a  direct- 
connected,  high-speed  generating  set.  with  engine  and 
generator  on  one  base,  self-contained,  the  best  example 
of  which,  on  a  small  scale,  is  the  Dclco  lighting  outfit, 
which  is  being  sold  at  the  rate  of  over  50.000  sets  a  year 
now.  all  over  the  country  districts.  There  are  corres|>ond- 
intf  units  of  other  designs  in  larger  sizes.  The  fact  that 
these  «ets  are  generally  confined  to  gasoline  timits  their 
uh\  because  in  many  places  gasoline  is  unsafe  to  use : 
in  other  places  it  is  not  obtainable;  in  still  others  the  cost 
oi  it  is  prohibitive.  It  is  apparent  that  if  we  had  the 
heavy  oil  engine  adapted  to  that  class  of  high-speed,  mul- 
ticyltndcr  service,  and  with  the  necessary  degree  of  regu- 
lation, it  would  open  up  still  another  field. 

So  in  the  field  of  application  of  the  heavy  oil  engine  I 
see  iust  ready  to  be  invaded  these  three  things:  First,  a 
widened  use  for  ships;  second,  a  new  use  in  the  automo- 
bile type  of  motor;  third,  a  corresponding  new  use  for 
direct-connected,  high-speed  electric  generating  sets. 
Whether  they  be  used  on  land  or  aboard  <hip.  it  does  not 
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matter.  I  f  they  are  designed  right  they  are  serviceable  in 
either  place. 

It  is  of  interest,  and  particularly  pertinent  here,  to 
review  some  of  the  ideas  that  have  been  developed  to  date, 
and  some  of  the  suggestions  available  as  lines  of  possible 
development  in  the  direction  of  real  progress.  And  this 
review  1  divide,  for  the  purpose  of  clarification,  into  two 
topics — functional  and  structural. 

Under  the  functional  come  all  those  questions  con- 
nected w  ith  the  supply  of  air,  the  supply  of  oil,  the  estab- 
lishment of  the  proper  relations  between  the  oil  and  air 
to  give  the  desired  control  of  combustion  after  the  neces- 
sary compression — in  fact,  all  those  physical  processes  in- 
volved directly  in  the  development  of  the  power  within 
the  cylinder. 

L'nder  the  head  of  structural  would  come  all  those 
principles  of  type  arrangements  or  typical  part  forms, 
and  pro|)er  proportions  of  the  metal  structure  that  houses 
these  physical  processes  and  thereby  produces  a  machine. 

The  first  item  under  the  functional  discussion  is  that 
of  charging  the  cylinder  with  air,  and  this  is  carried  out 
by  either  the  so-called  and  well-understood  4-cycle  system 
of  two  valves  per  cylinder,  or  by  any  one  of  several  2-cycle 
schemes.  Of  the  2-cycle  schemes  there  are  a  number. 
First  we  have  the  ordinary  crank-case  prc-compression 
chaml>er.  which  is  barred  from  any  engine  of  more  than 
diminutive  size,  because  the  closing  of  the  crank  case 
prevents  access  to  the  working  parts,  in  addition  to  im- 
posing other  bad  conditions.  The  first  step  in  avoiding 
the  difficulties  of  the  closed  crank  case  which  are  pro- 
hibitive in  any  real  engine  comes  when  the  connecting 
rod  and  crank  shaft  are  left  open  and  the  front  end  of 
the  cylinder  closed,  the  front  end  acting  as  a  pre-com- 
pression  or  air-oliarging  chamber  in  conjunction  with  an 
air  reservoir,  which  is  necessary,  so  that  the  pressure  in 
the  front  end  of  the  cylinder  cannot  rise  too  high. 

This  front-end  compression  arrangement  has  certain 
faults  that  have  led  to  the  design  and  more  wide  use  of 
others.  For  example,  it  is  not  possible  in  the  oil  engine 
of  the  2-cyclc  sort,  with  the  front-end  prc-compression 
chamber,  to  put  into  the  motor  end  a  volume  of  air  equal 
to  the  piston  displacement :  the  volume  must  necessarily 
be  less  than  the  piston  displacement  measured  at  atmos- 
pheric pressure.  That  being  the  case,  some  of  the  burned 
gases  or  products  of  combustion  cannot  be  expelled,  and, 
at  the  same  time,  the  residue  is  hotter  than  it  otherwise 
would  be.  To  correct  that,  the  alternative  schemes  of  a 
step  piston  or  a  separate  scavenging  pump  have  been 
developed,  more  particularly  the  latter.  The  step  piston 
is  the  first  of  the  scavenging  schemes,  and  is  a  scaveng- 
ing scheme  because  the  volume  swept  thru  by  the  step  of 
the  piston  may  be  made  larger  than  the  volume  swept 
thru  by  the  motor  piston  proper,  and  the  excess  of  this 
displacement  is  the  scavenging  displacement.  By  means 
of  it  more  air  can  be  put  into  the  motor  cylinder  per 
charge  than  can  possibly  stay  there  at  atmospheric  pres- 
sure. This  l>eing  the  case,  the  burned  gases  may  be 
more  completely  expelled,  and,  what  is  much  more  im- 
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portant,  the  residue  of  the  gases  left  there  would  be 
much  cooler  before  the  next  compression  Marts. 

This  step  piston  has  certain  faults  of  a  structural 
nature  which  need  not  be  detailed,  but  which  are  respon- 
sible for  the  wide  use  of  the  alternative  scavenging 
scheme  of  a  serrate  low-pressure  compressor,  built  some- 
what along  the  lines  of  the  old-fashioned  blowing  engine. 
This  arrangement  is  usually  double-acting,  so  that  one 
such  scavenging  pump  will  serve  two  single-acting  2-cycle 
motor  cylinders.  With  it  the  2-cycle  engine  can  then  be 
made  to  perform  all  the  things  that  the  4-cyclc  engine 
can  do,  except  as  to  the  negative  work  involved  in  the 
pre-compression  of  that  surplus  air;  so  that,  while  the 
two  engines  may  perform  somewhat  the  same,  the  2-cycle 
form  will  be  necessarily  less  efficient  by  the  lost  or  nega- 
tive work,  and,  at  the  same  time,  some  of  the  so-called 
simplicity  of  the  2-cycle  engine  has  disappeared.  So  com- 
pletely has  it  disappeared  that  it  will  be  found  that  the 
weight  per  horsei>ower  has  grown  in  the  2-cycle  to  be 
substantially  the  same  as  the  weight  per  horsepower  in 
the  4-cyclc.  That  is  to  say,  when  you  start  with  the  simple 
2-cycle  idea  with  the  hope  of  getting  half  the  weight  per 
horsepower,  because  of  twice  the  number  of  impulses 
from  the  same  amount  of  metal,  then  you  have  to  add 
this  and  that  and  the  other  thing,  and  by  the  time  you 
have  got  thru  adding  enough  to  make  it  a  real  working 
engine  the  weights  of  both  types  are  just  about  the  same. 
Therefore  the  2-cyclc  as  compared  with  the  4-cycle,  as 
to  weight,  might  be  called  substantially  equal.  But  there 
is  an  inequality  in  another  direction.  The  2-cyclc,  acting 
with  more  impulses  per  minute  in  the  same  volume,  will 
run  hotter  and  load  the  same  sized  bearings  to  a  higher 
average  bearing  pressure,  and,  as  a  consequence,  size  for 
size,  the  2-cycle  will  give  more  trouble  with  burnt  pistons 
and  overheated  bearings  than  the  corresponding  4-cyclc. 
These  are  just  a  few  of  the  reasons  why  this  much-mooted 
question  of  2-cyclc  versus  4-cycle  as  a  means  of  air-charg- 
ing remains  a  controversial  matter  rather  than  one  of 
settled  engineering  practice.  My  own  personal  opinion 
about  the  matter  is  this:  That  in  the  smaller  size,  let  us 
say  up  to  100  horsepower,  or  200  horsepower  maximum, 
the  simpler  form  of  2-cycle,  not  with  the  separate  scav- 
enging pump,  is  a  rather  good  thing  and  practical.  In 
the  next  range  of  sizes,  from,  let  us  say,  500  horsepower, 
the  4-cyclc  works  out  best  in  the  long  run,  and  from  that 
point  up  the  pendulum  swings  the  other  way  toward 
2-cycle  with  scavenging  pumps  as  matters  stand  to-day. 
But  in  the  larger  sizes  the  art  is  most  undeveloped,  and 
most  of  the  uncertainty  as  to  what  is  the  proper  engineer- 
ing practice  concentrates  right  there. 

The  next  item  under  the  functional  discussion  is  the 
introduction  of  the  oil,  to  form  cither  an  explosive  mix- 
ture for  explosive  combustion  or  to  prevent  the  forming 
of  an  explosive  mixture  so  that  the  oil  may  bum  non- 
explosively.  Before  examining  the  means  of  introducing 
and  controlling  combustion  of  the  oil,  I  want  to  point 
out  the  fundamental  and  controlling  value  of  a  com- 
pression before  injection  on  the  one  hand,  and  of  the  rate 
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of  oil  burning  following  the  right  amount  of  compression, 
on  the  other.  Consider  the  former  point  first.  It  can  be 
demonstrated,  and  it  is  pretty  generally  understood  now 
without  demonstration,  that,  other  things  being  equal,  the 
more  the  air  charge  is  compressed  before  the  introduc- 
tion of  the  oil  the  higher  the  mean  effective  pressure  will 
be ;  and  that,  of  course,  is  a  prime  factor  in  power  and, 
at  the  same  time,  the  higher  the  efficiency,  or  smaller 
the  fuel  consumption.  It  may  therefore  be  said  with 
practically  no  reservation  that  in  an  oil  engine  as  much 
compression  should  be  carried  as  is  possible.  But  that  is 
not  all.  After  the  compression  has  been  completed,  the 
oil  must  be  introduced  either  at  that  time  or  just  previ- 
ously, so  as  to  produce  a  suitable  and  proper  combustion 
line  of  one  of  the  two  characteristic  types  or  mixed. 

The  two  characteristic  types  of  combustion  line  are, 
first,  the  vertical  combustion  line  produced  by  an  explosive 
mixture,  and,  second,  the  horizontal  combustion  line  pro- 
duced by  a  gradual  introduction  of  the  oil,  the  oil  burn- 
ing as  it  comes  in,  and  which  latter  system  has  been  called 
the  Diesel  system.  It  is  clear,  of  course,  that  we  might 
burn  part  of  the  oil  explosively,  raising  the  pressure  a 
fraction  of  the  maximum,  and  burn  the  rest  non-explo- 
sively,  without  further  change  of  pressure.  Or  we  might 
have  such  a  slow  introduction  of  oil  as  to  cause  the  com- 
bustion line  to  drop  as  the  piston  moves  out  on  the  work- 
ing stroke.  The  two  types  of  combustion  line  are  (a)  the 
vertical  explosive,  and  (b)  the  horizontal  non-explosive, 
or  Diesel,  forms.  Now,  of  these  two  methods  of  oil 
combustion  as  to  rate,  which  should  one  choose?  That 
question  should  be  settled  before  considering  the  means 
of  introducing  the  oil,  because  one  is  not  warranted  in 
spending  time  in  determining  how  to  introduce  the  oil 
until  there  is  first  a  decision  as  to  what  end  is  to  be 
accomplished  by  it.  In  other  words,  we  must  establish 
the  specifications  before  undertaking  construction. 

It  will  be  found,  by  comparing  the  full  diagrams  for 
those  two  combustion  lines,  with  the  same  amount  of  oil 
and  expansion,  of  course,  following  both,  that  about  the 
same  mean  effective  pressure  is  possible  with  both  or 
with  either.  That  is  to  say,  so  far  as  power  is  concerned, 
there  is  no  choice.  But,  on  the  other  hand,  when  you 
compare  efficiency  or  fuel  consumption,  then  this  startling 
fact  comes  out :  That  the  constant-pressure  or  Diesel  kind 
of  non-explosive  combustion  is  capable  of  only  half  the 
efficiency  of  the  other  kind  of  combustion,  the  explosive 
sort.  To  put  it  a  little  differently  and  more  precisely: 
If  the  fuel  be  burned  explosively  after  compression,  then 
an  efficiency  can  be  produced  with  a  corresponding  fuel 
consumption  equal  to  that  obtainable  with  the  non-explo- 
sive Diesel  combustion  when  the  latter  has  twice  the  com- 
pression of  the  former.  Again,  to  put  it  in  still  another 
form:  A  Diesel  diagram  with  nearly  500  pounds  com- 
pression produces  no  better  efficiency  or  fuel  consumption 
than  an  Otto  cycle  diagram  with  250  pounds  compression. 
There  is  therefore  absolutely  no  doubt  on  fundamental 
ground  as  to  which  of  these  two  possible  modes  of  burn- 
ing offers  the  best  promise  of  results.    They  are  equal  in 
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power  possibilities  and  nearly  two  to  one  in  efficiency 
with  reference  to  compression.  When  1  say  the  latter, 
do  not  misunderstand.  Do  not  think  I  mean  to  assert 
that  the  Otto  can  give  and  always  will  give  twice  the 
efficiency  of  the  Diesel— not  at  all.  They  can  be  made 
exactly  equal  in  efficiencies  and  fuel  consumptions  with 
selective  compressions,  but  when  the  compression  is  thus 
selected  to  do  that  thing  it  will  require  twice  the  com- 
pression with  the  Diesel  as  will  be  required  with  the 
Otto  arrangement. 

This  is  particularly  interesting  when  you  consider 
that  fully  90  per  cent,  of  all  the  development  work  that 
has  been  done  with  this  heavy  oil  engine  has  been  done 
with  the  less  promising  Diesel  cycle,  and  the  very  promis- 
ing Otto  cycle  has  been  almost  entirely  neglected.  I  say 
it  has  been  neglected,  and  yet  I  do  not  mean  that.  It  has 
not  been  neglected  by  those  people  who  understood  the 
possibilities— the  students  of  this  subject.  It  has  not 
attained  the  popularity  or  the  standing  in  a  commercial 
way  of  the  Diesel. 

In  this  functional  study  the  next  important  considera- 
tion is  the  compression  itself,  and  the  relation  between 
the  degree  of  compression  and  the  mode  of  combustion, 
or  control  of  combustion.  The  oil  has  to  be  ignited,  and 
there  are  various  ways  of  igniting  it.  It  must  not,  how- 
ever, be  ignited  until  the  right  time  comes;  that  is,  not 
until  a  sufficient  degree  of  compression  has  been  executed 
—w  hatever  is  desired.  Therefore  there  must  be  an  igniter, 
and  the  ignition,  as  a  process,  must  be  under  control. 
Now,  the  ignition  will  always  take  place  whenever  any 
fuel  in  contact  with  air  reaches  the  ignition  temperature. 
The  air  under  compression  is  rising  in  temperature  and 
is  approaching  or  passing  the  ignition  temperature  in  that 
process  of  compression.  Somewhere  or  another  in  the 
process  of  compression,  if  it  be  carried  far  enough,  igni- 
tion temperature  will  be  established,  and  ignition  will 
inevitably  occur,  if  there  is  any  oil  in  contact  with  the  air. 

It  is  therefore  essential,  in  considering  the  limit  of 
compression  in  its  relation  to  the  introduction  of  oil,  to 
have  some  kind  of  mental  picture,  and  preferably  exact 
figures,  as  to  the  way  in  which  the  temperature  rises  in 
compression,  especially  with  reference  to  the  ignition  tem- 
perature as  a  basis  of  reference. 

The  ignition  temperature  of  these  heavy  oils  is  a  some- 
what uncertain  physical  constant,  but  from  my  experience 
I  am  inclined  to  think  this  is  very  close  to  950°  F.,  or 
near  enough  to  that  for  practical  purposes. 

To  bring  this  matter  before  you  I  have  prepared  a 
little  table  here  (see  accompanying  table).  This  table 
shows  at  the  left,  first  column,  initial  air  temperatures  of 
from  200°  I;.  to  600°  F.  before  compression.  Starting 
with  these  temperatures,  then,  to  reach  ignition  tempera- 
ture it  would  be  necessary  to  have  the  compressions,  in- 
dicated in  columns  two  and  three.  To  reach  temperature 
of  200°  less  than  ignition  temperature  the  compression 
would  be  as  shown  in  Columns  3  and  4.  To  reach  a 
temperature  of  200°  F.  over  ignition  temperature  the  com- 
pressions required  are  shown  in  Columns  5  and  6.  Or, 
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for  400c  F.  over  ignition  temperature^  the  compressions 
of  Columns  7  and  8. 

To  explain  further,  starting  with  atmospheric  air  at  a 
temperature  of,  say,  70°  F.  in  an  engine-room,  it  is  drawn 
into  a  cylinder,  and  is  bound  to  become  somewhat  heated 
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on  its  way.  It  will  become  heated  by  contact  with  the 
hot  intake  ports,  sweeping  over  the  intake  valves,  sweep- 
ing against  the  interior  cylinder  walls,  which  arc  very  hot, 
especially  in  large  engines  with  thick  metal,  and  finally  it 
mixes  inside  with  the  hot  products  of  combustion  from 
the  previous  shot.  So,  to  say  that  this  70°  F.  air  will  rise 
130°  F.  and  have  a  temperature,  therefore,  of  200;  when 
compression  starts  is  a  very  moderate  estimate.  It  is 
never  less  than  that,  and  that  is  the  reason  I  have  nwde 
this  the  minimum  figure.  It  might  easily  be  much  more 
than  that,  especially  when  it  is  considered  that  in  some  of 
these  engines  the  interior  is  red  hot  in  spots.  In  some  of 
them  the  whole  wall,  especially  the  hot  bulb  type,  is 
deliberately  kept  red  hot  as  an  igniter.  It  is  quite  clear 
that  any  products  of  combustion  or  air  in  contact  with 
that  red-hot  spot  might  easily  approach  or  exceed  a  tem- 
perature of  600''  before  anv  compressing  is  done  at  all. 
So  I  make  the  temperatures  before  compression  range 
anywhere  from  200c  to  600°,  and  there  is  even  justifica- 
tion for  going  further. 

Now,  when  the  compression  starts  the  pressure  follows 
the  general  law  given  at  the  bottom  of  the  table,  and  from 
that  certain  variations  follow ;  but  we  are  not  quite  sure 
as  to  what  value  the  exponent  S  has,  altho  we  do  know  it 
cannot  be  larger  than  1.4.  We  know  by  experience  it  is  not 
less  than  1.33.  So,  for  each  one  of  these  values  I  have 
calculated  two  figures — the  compression  pressure  in 
pounds  per  square  inch  above  the  atmosphere — and  you 
see  here  that  to  reach  ignition  temperature  with  200° 
initial  temperature  would  require  190  pounds  compression 
minimum  to  293  pounds  maximum — actually  somewhere 
between :  it  is  difficult  to  fix  it  any  closer.  Whereas,  if 
the  initial  temperature  was  600°.  then  the  ignition  tem- 
perature would  be  rcachtxl  in  that  same  cylinder  with  a 
compression  of  only  23  pounds  to  31  pounds.  That  brings 
out  in  the  most  striking  fashion  this  fact:  That  if  the 
fuel  is  in  contact  with  the  air  in  the  cylinder  during  com- 
pression, then  the  amount  of  compression  cannot  be  very 
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large  in  any  case  without  producing  an  uncontrolled  prc- 
ignition.  And,  more  important  still,  if  any  part  of  the 
oil  and  air  is  very  warm  before  compression  starts,  then 
practically  no  compression  can  be  carried  at  all.  And,  if 
you  cannot  carry  much  compression,  then  you  have  a  very 
high  fuel  consumption  and  a  very  low  efficiency.  An 
engine  carrying  such  low  compressions  as  are  here  re- 
quired would  bum  nearly  two  pounds  of  oil  per  hour  per 
horsepower,  whereas  the  best  engines  are  to-day  running 
on  about  four-tenths  of  a  pound — a  ratio  of  live  to  one. 

Now,  suppose  an  igniter  that  was  itself  under  control, 
and  fuel  in  contact  with  the  air  in  the  cylinder.  How 
much  can  we  compress  it  without  any  danger  of  pre- 
igniting  it,  so  that  when  we  want  to  fire  it  can  be  fired 
with  the  igniter  that  is  under  control  ?  I  suggest  that  200" 
margin  is  about  as  good  as  can  be  estimated.  Let  us 
limit  the  final  compression  temperature  to  something  like 
200"  under  the  ignition  temperature,  in  which  case  these 
are  the  allowable  compressions:  With  600°  initial  tem- 
perature, the  final  compression  pressure  is  eight  to  ten 
pounds;  with  200"  initial  temi>eraturc,  104  to  152  pounds 
(see  table). 

On  the  other  hand,  sup]>osc  that  the  system  was  such 
as  the  Diesel,  where  the  air  temperature  itself  is  to  serve 
as  the  igniter.  In  that  case,  to  insure  ignition,  we  should 
have  a  margin  of  about  200°  in  the  other  direction ;  that 
is  to  say,  the  air  should  be  compressed  to  a  sufficiently 
high  pressure  not  only  to  produce  ignition  temperature, 
but  200s  more,  in  which  case  the  last  two  columns  give 
the  compressions  that  are  necessary.  Should  the  oil  now 
be  introduced  into  the  cylinder  by  means  of  compressed 
air  to  make  a  fine  spray  and  scatter  it  thru  the  charge  of 
air,  in  accordance  with  the  general  practice,  then  it  must 
be  remembered  that  this  air  jet  which  is  doing  the  spray- 
ing and  the  scattering  is  itself  exerting  a  cooling  action. 
Consider  1000  or  1200  pounds  air  expanding  thru  the 
spray  valve  into  a  cylinder  with  about  300  or  400  or  500 
pounds  compression  pressure,  and  it  can  readily  l>e  seen 
that  there  is  a  very  considerable  cooling  action  right  at 
the  jet.  That  it  will  act  to  prevent  ignition,  and,  to 
make  sure  that  the  oil  will  ignite  in  spite  of  such  cooling 
influence  at  the  |*>int  of  oil  injection,  it  is  necessary  to 
carrv  the  compression  still  higher.  Let  us  provide  at 
least  400  1  over  ignition  temperature,  in  which  case  with 
an  initial  temperature  of  200'  we  would  require  some- 
thing between  467  and  800  |x>unds  compression.  With 
600  initial  temperature  we  could  secure  this  400°  above 
ignition  with  anywhere  l>et\veen  80  and  100  pounds 
compression. 

These  figures  should  l>e  made  the  subject  of  some 
study  and  be  used  in  considering  the  various  structural 
arrangements,  ltecause  in  them  will  be  found  a  key  to  the 
question :  Why  cannot  this  type  of  engine — this  arrange- 
ment— be  efficient  ?  And  why  is  the  other  arrangement 
highly  efficient?  Here  also  will  be  found  the  key  to  the 
question  of  how  we  should  proceed  to  make  the  less 
efficient  one  more  efficient.  These  three  elements 
stand  out: 


First,  is  the  fuel  in  contact  with  the  air  during  com- 
pression, or  is  it  not? 

Second,  if  the  oil  is  in  contact  with  the  air  during  com- 
pression, is  the  region  of  contact  all  of  low  temperature, 
all  of  high  temperature,  or  any  part  of  it  a  high  tempera- 
ture region  when  the  compression  starts?  The  initial  tem- 
perature has  a  great  effect  on  the  degree  of  compression 
needed  or  permissible. 

Third,  if  the  oil  is  not  in  contact  with  the  air  during 
compression,  but  has  to  be  introduced  subsequently,  how 
should  it  be  introduced  with  reference  to  the  igniter?  It 
the  air  itself  is  to  be  the  igniter,  then  a  certain  high  value 
of  the  compression  must  be  obtained,  or  the  engine  will 
not  run.  If  the  air  itself  is  not  to  be  the  igniter,  then  what 
kind  of  an  igniter  can  we  provide?  We  will  look  into 
that  question. 

All  the  first  oil  engines  to  attain  commercial  success 
had  vaporizers.  That  is  to  say,  there  was  some  element, 
the  duty  of  which  was  to  heat  the  oil  alone  for  later  air 
mixing,  or  to  heat  the  oil  and  air  together,  to  produce  a 
vapor  air  mixture.  It  matters  very  little  as  to  what  were 
the  details  of  those  arrangements — whether  one  produced 
a  heavy  carbonizing  action  and  another  one  did  not.  They 
are  all  one  as  regards  this  point  of  controlling  importance: 
The  mixture  when  formed  by  any  such  vaporizing  system 
is  necessarily  a  warm  or  a  hot  mixture.  Just  how  hot  it 
has  to  be  depends  upon  the  vapor  pressure  of  the  par- 
ticular oil,  or  rather  the  heaviest  constituent  of  that  par- 
ticular oil,  and  I  will  give  some  figures  to  make  it  clear. 
A  60°  Baume  gasoline  vaporizing  in  air  requires  a  tem- 
perature of  about  1003  to  U0\  The  ordinary  lamp 
kerosene  of  150  flash  point  vaporizing  in  air  requires  a 
temperature  of  250.  A  navy  fuel  oil  vaporizing  in  air 
requires  a  temperature  of  420,  and  so  on.  One  could 
go  on  with  any  grade  of  oil  or  residue ;  for  each  there  is 
some  temperature  at  which  the  vapor  of  the  oil  can  be 
produced  in  the  right  proportions  for  combustion  and  in 
contact  with  its  air,  without  residue  and  dry.  The  heavier 
the  oil  the  lower  its  vapor  pressure  or  that  of  its  heaviest 
constituent,  then  the  hotter  that  mixture  must  be  to  be  a 
gaseous  mixture;  and  the  hotter  it  is.  according  to  this 
table,  the  lower  the  compression  it  can  stand  without  self- 
igniting.  Therefore  only  those  fuels  that  have  high  vapor 
pressures  or  that  can  make  cold  gaseous  mixtures  can  be 
treated  with  the  whole  mass  under  compression.  Those 
oils  which  are  within  the  heavy  class  of  oils,  and  have  so 
low  a  vapor  pressure  as  to  require  300°  or  400  '  initial 
temperature  outside  the  engine  plus  a  couple  of  hundred 
degrees  rise  in  temperature  coming  into  the  cylinder,  can 
be  compressed  hardly  at  all.  Therefore  such  heavy  oil 
engines  cannot  by  any  possible  conformity  with  Xature's 
laws  he  efficient.  It  is  fundamentally  sound  that  all  those 
schemes  for  heavy  oil  engines  that  involve  vaporizers  are 
utterly  incapable  of  producing  an  efficient  engine. 

l'or  some  reason  or  other  even-body  playing  with  this 
class  of  machine  in  the  early  days  seems  to  have  been 
absorl>cd  with  the  idea  of  cooking  the  oil ;  they  seemed  to 
feel  that  it  had  to  be  roasted  to  death,  and  then  wondered 
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why  they  could  not  carry  any  compression,  and  why  the 
efficiency  was  so  low  and  the  fuel  consumption  so  high. 
This  fundamental  impossibility,  against  which  mechanical 
ingenuity  is  absolutely  helpless,  never  hit  them  at  all ;  and 
that  situation  has  lasted  from  the  early  70's  up  till  to-day, 
and  people  arc  still  inventing  schemes  of  this  kind. 

It  is  perfectly  clear  that  to  produce  a  high  efficiency, 
and  at  the  same  time  a  fairly  high  mean  effective  pressure 
in  the  interest  of  high  power,  the  first  and  fundamental 
requirement  is  not  only  high  compression,  but  to  keep 
the  oil  away  from  the  air  until  the  time  comes  to  burn  it. 
By  keeping  the  oil  away  from  the  air  during  compression 
any  compression  you  please  is  yours  for  the  asking.  It 
is  purely  a  matter  of  mechanical  clearance  between  the 
piston  and  cylinder  head.  Therefore  it  would  seem  pos- 
sible to  secure  almost  any  efficiency  in  such  an  engine 
with  the  delayed  introduction  of  oil  under  the  system 
which  has  received  the  name — and  a  very  good  name — of 
late-injections  engines.  Late  injection  is  fundamental  to 
efficiency.  I  will  not  say  there  is  no  limit  to  the  efficiency, 
but  it  is  far  beyond  the  common  old  practice  when  this 
principle  is  adhered  to. 

Xow  the  late-injection  principle  of  working  is  highly 
developed  mechanically  only  in  Diesel  engines,  and  therein 
you  sec  there  is  a  little  scientific  engineering  anomaly. 
The  desired  and  necessary  principle  of  high  compression 
with  delayed  injection  has  been  developed  in  its  applica- 
tion to  the  less  promising  type  of  cycle — the  Diesel ;  and 
the  more  promising  type  of  cycle,  the  Otto— that  which 
promises  a  given  fuel  consumption  with  half  the  com- 
pression of  the  Diesel — has  been  delayed;  so  that  our 
engines  have  been  highly  developed  along  the  less  promis- 
ing line  without  scarcely  any  development  at  all  along  the 
more  promising  line.  Do  you  wonder,  then,  that  with 
the  success  we  have  had  with  the  less  promising  we  may 
expect  and  look  forward  to  much  greater  success  with  the 
more  promising  field  when  it  is  vigorously  followed  up? 

We  have  come  now  to  this  point:  That  after  com- 
pression we  arc  to  introduce  the  oil,  and  the  oil  may  be 
introduced  in  such  a  way  as  to  produce  an  explosion  or 
to  burn  at  substantially  constant  pressure  without  ex- 
plosion. I  want  to  point  out  to  you  next  the  controlling 
means  in  use  for  doing  cither  one  of  those  things  or 
both  of  them. 

I;irst,  as  to  the  Diesel :  At  the  time  the  oil  is  introduced 
the  temperature  of  the  air  is  something  higher  than  the 
ignition  tem|K-rature— 2003.  300\  400",  or  500'  higher 
than  ignition  temperature — and  so  far  in  all  these  engines 
the  oil  has  been  introduced  and  sprayed  by  the  aid  of  com- 
pressed air.  How  is  the  feed  of  oil  controlled  so  that  the 
rate  of  combustion  shall  lie  just  enough  to  prevent  the 
pressure  falling  along  the  re-expansion  line,  but  kept  sub- 
stantially constant  ?  That  is  entirely  a  matter  of  spray- 
valve  design.  If  you  set  yourself  the  problem — especially 
those  of  you  who  have  not  worked  on  this  problem — of 
designing  a  scheme  to  squirt  oil  into  a  cylinder  against 
400  or  500  pounds  compression  pressure  at  a  graduated 
rate  lor  10  |kt  cent,  to  15  per  cent,  of  the  stroke,  so  as  to 
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hold  the  pressure  constant,  the  oil  burning  as  fast  as  it 
enters,  you  will  find  some  little  problem  on  your  hands, 
and  I  venture  to  say  that  eight  out  of  ten  men  will  start 
with  some  kind  of  cam-driven  pump.  Now,  that  will  not 
work  at  all.  The  thing  that  is  relied  ujwn  is  the  tendency 
of  the  oil  to  stick  to  a  metal  plate.  To  make  that  clear, 
consider  the  ordinary  spray  Diesel  valve  with  a  fairly 
heavy  stem  in  a  casing.  Beyond  it  there  is  a  graduated 
orifice  outlet,  which  is  the  spray  orifice  and  is  changeable 
in  size  to  suit  the  viscosity  of  the  oil.  The  oil  is  pumped 
into  the  chamber  or  space  between  the  casing  and  the 
valve  stem  by  a  pump  which  has  only  one  duty  to  per- 
form, and  that  is,  measure  the  amount,  not  lime  or  gradu- 
ate of  the  injection.  That  cannot  be  done — or  it  never 
lias  been  done.  I  do  not  think  it  can  be  done.  The  oil, 
in  tire  ordinary  course  of  events,  is  put  into  the  spray- 
valve  chamber  before  the  injection  is  wanted,  and  it  will 
run  down  to  the  bottom  more  or  less  fast.  If  the  valve 
be  lifted  and  the  oil  itself  has  reached  the  bottom  or 
valve  seat,  the  first  thing  to  happen  after  the  oj>cnmg  of 
the  valve  is  a  squirt  of  solid  oil  with  no  spraying  what- 
ever. In  an  instant  the  oil  is  all  out,  and,  instead  of  main- 
taining a  graduated  combustion  for  15  per  cent,  of  the 
stroke,  we  have  a  lump  of  oil  squirted  in  without  spraying 
or  graduation.  There  will  be  a  certain  amount  of  com- 
bustion, but  only  part  will  burn;  the  rest  makes  a  little 
lump  of  carbon. 

Now,  to  secure  graduation  of  oil  feed,  all  that  has 
been  done  is  to  stick  a  lot  of  plates  with  holes  in  them  in 
the  space  between  valve  stem  and  casing.  These  plates 
have  definite  thickness  spacing  and  drilling:  sometimes 
they  are  given  special  forms  and  surface  finish,  each 
designer  adopting  an  air  of  great  mystery  about  his 
arrangement,  and  claiming  absurd  su|«riority  over 
his  rivals. 

All  that  these  things  do  in  the  oil  chamber  is  to  pro- 
vide an  extended  surface  to  which  the  oil  naturally  tends 
to  stick.  It  might  be  filled  with  shot  and  it  would  no 
doubt  work  just  the  same.  The  oil  is  pumped  into  this 
chamber  and  when  the  valve  is  pulled  open  the  oil  tends 
to  travel  down,  partly  by  gravity  and  partly  by  the  sur- 
face frictional  influence  of  the  air  on  the  oil.  The  oil, 
however,  is  sticking  to  that  labyrinth  surface.  The  oil 
chamber  is  nothing  but  a  mechanical  labyrinth.  That  is 
what  it  is  called  for  want  of  a  better  name.  And  that  is 
the  only  means  that  works  as  a  graduater  of  oil  feed, 
except  one.  The  other  one  surrounds  the  stem  valve  by 
a  sort  of  Vcnturi  tube  casing,  between  which  and  the 
valve  body  is  found  the  oil-receiving  chaml>cr.  There 
arc  two  holes  in  the  Vcnturi  partition  between  the  oil 
chamber  and  steam  chamber,  one  from  the  Vcnturi  throat 
to  the  bottom  of  the  oil.  the  other  imposing  the  total  air 
pressure  on  the  oil  surface.  When  the  valve  is  open  the 
compressed  air  flowing  thru  impinges  on  that  hole  to  the 
surface  of  the  oil  and  builds  up  its  total  pressure,  while 
at  the  same  time  the  other  hole,  being  at  the  throat  of  the 
Vcnturi,  is  subjected  to  a  lesser  pressure  by  the  air 
velocity  head,  thus  developing  lifting  tendency  on  the  oil, 
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and  we  have  a  regular  vacuum  flow  injector.  This  action 
of  the  former  one  of  the  labyrinth  forms  the  basis  of  all 
the  schemes  for  graduations  of  feed  of  oil  from  the  spray- 
valve  body  to  the  spray-valve  nozzle,  so  that  the  oil  feeds 
during  the  required  period  of  time  at  a  more  or  less  steady 
rate  to  this  nozzle,  and  it  is  torn  to  pieces  or  sprayed  by 
the  velocity  of  the  air  issuing  from  it.  It  is  clear  that  with 
this  arrangement  the  rate  of  oil  flow,  the  time  of  oil  feed, 
and  the  rate  of  comhustion  will  vary  with  the  viscosity 
of  the  oil. 

Should  such  a  valve  be  adjusted  by  the  spaces  and 
orifice  size  to  give  the  required  feed  for  a  given  oil,  and 
then  supply  an  oil  of  lesser  viscosity,  or  maybe  the  same 
oil  supplied  hotter,  or  really  a  less  viscous  oil,  then  it  will 
discharge  much  more  rapidly,  and  instead  of  a  horizontal 
combustion  line  there  will  be  a  rapid  rise  of  pressure 
somewhat  like  a  slow  explosion.  This  indicates  what  is 
necessary  if  we  desire  to  make  a  spray  nozzle  suitable  for 
producing  an  explosion.  To  produce  the  explosive  mix- 
ture and  secure  explosive  combustion  of  oil  with  the 
spray  nozzle,  the  first  step  necessary  is  to  reduce  the  flow 
resistance  in  the  body  of  the  nozzle  by  removing  a  con- 
siderable amount  of  the  labyrinth  surfaces  or  by  reducing 
the  viscosity  of  the  oil  by  heating  it.  As  a  result  the  oil 
will  be  discharged  much  more  rapidly,  and  if  enough  re- 
sistance be  removed  from  such  a  spray  nozzle  it  would 
give  a  substantially  instantaneous  injection  of  oil  as  a 
liquid  spray.  If  that  occurred  we  would  have  a  more  or 
less  finely  divided  spray  scattered  thru  the  mass  of  com- 
pressed air,  and  if  the  air  is  not  up  to  ignition  tempera- 
ture, then  we  would  have  produced  what  might  be  called 
a  liquid  explosive  mixture,  ready  for  any  kind  of  ignition 
that  is  handy.  It  is  a  liquid  explosive  mixture  because 
no  attempt  has  been  made  to  vaporize  the  oil.  All  that 
has  been  done  is  to  make  really  fine  fog  of  liquid  drops 
suspended  in  the  air,  scattered  thru  the  combustion 
chamber.  To  get  such  an  explosive  mixture  or  charge 
ready  for  ignition  it  is  necessary  that  no  part  of  the  in- 
terior walls  or  the  air  itself  touched  by  the  oil  be  up  to 
ignition  temperature,  because  if  the  air  should  be  up  to 
ignition  temperature,  as  would  be  the  case  with  the 
Diesel,  then  the  oil  would  ignite  as  it  came  in,  before  the 
oil  spray  charge  was  scattered  thru  the  air.  To  obtain 
the  explosion  it  is  necessary  to  get  all  the  fuel  into  the 
cylinder  and  scattered  thru  the  air  before  it  is  ignited, 
just  as  with  delay  electric  ignition.  On  the  more  desir- 
able Otto  cycle  with  its  explosion  it  is  necessary  to  pre- 
vent the  air  reaching  ignition  temperature  during  com- 
pression ;  it  must  be  incapable  of  igniting  the  oil.  and  the 
ignition,  by  whatever  means  is  relied  upon,  must  itself  be 
delayed  long  enough  to  let  the  whole  charge  of  oil  get  in 
the  cylinder,  because  unless  it  is  in  there  is  nothing  that 
can  explode. 

Xow  as  to  igniters :  The  common  thing  has  been  a 
hot  plate ;  sometimes  a  bulb  of  spherical  form  with  a  neck  ; 
sometimes  a  hemispherical  bulb  without  any  neck,  just 
forming  a  cylinder  head;  and  sometimes  all  sorts  of 
weird  curves  and  twists  and  shapes — even-  one  of  them 
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the  subject  of  a  patent.  Now,  of  that  collection,  what  is 
good  and  what  is  bad?  There  is  a  simple  way  of  sizing 
it  up.  The  hot  metal — that  is,  the  igniter — must  be  so 
related  in  position  to  the  injection  point  that  no  part  of 
the  oil  reaches  the  hot  plate  before  all  of  it  is  in  the 
cylinder,  and  the  shape  such  that  no  part  of  the  oil 
reaches  the  hot  plate  before  any  other  part. 

Let  me  illustrate  and  you  will  see  the  force  of  this 
principle.  Consider  a  cylinder  with  a  spray  valve  at  one 
edge  of  a  nice  hemispherical  plate,  red  hot,  the  oil  being 
sprayed  at  an  angle  toward  the  plate.  There  have  been 
many  made  like  that.  The  hot  plate  comes  up  quite  close 
to  the  injector,  which  discharged  a  more  or  less  conical 
spray.  Some  of  the  oil  will  strike  the  hot  plate  before 
the  oil  is  all  in  the  cylinder  and  considerable  of  the  air. 
The  first  oil  that  hits  that  plate  is  going  to  fire  the  charge, 
or  so  much  as  has  entered,  and  much  of  the  air  is  utterly 
inactive  and  cannot  do  anything,  as  it  has  received  no  oil. 
At  the  same  time,  an  explosion  of  part  of  the  charge  has 
taken  place  and  the  rest  is  still  coining  in.  What  does  it 
meet  on  the  way  in?  A  red-hot— yes,  a  white-hot — 
mass  of  inert  gas.  What  will  happen?  Nothing  but 
crack,  liberating  free  carbon  and  carbon  monoxide.  The 
unused  and  unmixed  air  leaves  free  oxygen  in  the  ex- 
haust, and  with  it  the  unburncd  fuel  appears  as  carbon 
monoxide  and  much  free  carbon  with  plenty  of  solid 
carbon  cake  inside.  A  very  low  mean  effective  pressure 
and  low  efficiency  will  result,  and  the  engine  will  be 
very  dirty. 

The  ideal  condition  is  that  in  which  no  part  of  the 
oil  strikes  the  igniter  sooner  than  any  other  part  and 
none  of  the  oil  strikes  the  hot  plate  until  all  the  oil  is  in. 
Now,  what  kind  of  arrangement  would  give  that?  Sup- 
pose wc  had  a  spray  valve  making  a  cone-like  spray  dis- 
charging axially  into  a  hemispherical  head,  the  center  of 
which  is  the  spray  orifice.  Then  at  the  time  the  oil  at 
full  load  had  reached  this  hot  ignition  plate  the  last  oil 
would  have  come  in  if  the  dimensions  were  right.  That 
would  be  in  conformity  with  the  principle  laid  down. 
That  arrangement  will  give  anywhere  from  50  to  100 
per  cent,  more  mean  effective  pressure  than  the  non-sym- 
metrical arrangement  previously  described,  and  with  it 
any  compression  you  please  may  be  carried.  It  does  not 
matter  how  hot  that  latter  plate  gets,  whereas  the  former 
has  to  be  run  cool  on  the  side  where  the  oil  first  strikes 
and  yet  hot  enough  elsewhere  not  to  miss  fire.  At  full 
load  it  tends  to  get  too  hot  and  pre-ignite  and  knock  its 
head  off ;  with  a  light  load  it  fails  to  get  hot  and  fails  to 
fire  at  all.  And  so  the  engines  in  that  class  are  always 
provided  with  some  kind  of  scheme  to  prevent  getting  too 
hot  at  heavy  load  and  too  cold  at  low  load.  The  popular 
water-injection  scheme  usually  does  nothing  but  wash  the 
lubricating  oil  off  the  cylinder  wall. 

For  a  long  time,  practically  thruout  the  whole  his- 
tory of  this  art,  this  condition  of  necessary  relation  be- 
tween the  spray  valve  and  the  hot-plate  igniter  has  not 
been  realized,  and  yet  hot-plate  igniters  have  been  in 
almost  universal  use.    Xow  hot-plate  igniters  themselves 
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are  a  bar  to  progress,  1)ecause  if  we  use  a  hot-plate  igniter 
it  has  to  be  an  outer  wall.  It  has  to  be  an  outer  wall  so 
that  you  can  start  it  with  a  torch  and  still  not  burn  up. 
An  inner  wall  cannot  be  started.  A  hot  plate  submerged 
in  a  cylinder  cannot  be  started,  because  you  cannot  get  a 
torch  at  it  from  the  outside.  If  a  hot-tube  igniter  be 
provided  for  starting  and  an  internal  plate  relied  upon 
for  running,  as  is  sometimes  done,  then  you  have  no  con- 
trol over  that  hot  plate  at  all  and  it  will  hum  out.  So  a 
hot-plate  igniter  has  to  be  an  outer  wall  to  be  practical, 
and  when  you  have  made  it  an  outer  wall  to  be  practical, 
then  it  is  not  really  practical,  because  it  limits  the  size. 
That  red-hot  plate  lacks  tensile  strength.  To  be  sure,  a 
selected  grade  of  cast-iron  can  be  found  that  will  not 
lose  too  much  tensile  strength,  but  nevertheless  it  is  very 
weak  in  proportion  to  what  it  might  be.  As  cylinder 
sizes  go  up — and  I  have  already  indicated  that  one  of 
the  great  fields  of  need  for  the  heavy  oil  engine  is  ship 
work,  which  calls  for  cylinders  to  go  up  just  as  high  as 
we  can  make  them  go — then  the  external  hot  plate  is 
barred.  It  is  not  good  because  it  is  too  weak  structurally. 
Here  is  the  place,  then,  where  the  functional  problem 
leads  to  a  structural  debarment  and  where  progress  into 
the  larger  sizes  requires  an  abandonment  of  the  red-hot 
plate  as  an  igniter — or  at  least  a  very  material  modifica- 
tion. If  we  can  get  along  without  it  at  all,  then  we  need 
not  fool  with  modifications,  and  as  a  result  of  that  thought 
many  people  have  tried  various  other  schemes,  and  there 
is  now  being  attained  some  success  with  electric  igniters 
and  with  moderately  warmed  internal  hot  plates,  which 
are  more  properly  called  "  warm  "  plates.  Suppose,  with 
reference  to  the  latter,  that  we  have  a  300°  internal  tem- 
perature and  one  would  stop  just  short  of  ignition.  Sup- 
pose we  had  a  300°  initial  temperature;  then  for  prac- 
tical reasons  about  279  pounds  compression  (see  table) 
would  carry  the  entire  air  above  ignition  temperature 
200°,  and  that  would  not  be  practical  with  late  injection. 
If,  however,  the  initial  temperature  of  the  air  were  lower, 
or  a  sufficiently  lower  compression  were  selected,  we 
could  come  within  100°  or  200 3  of  ignition  temperature 
and  still  have  a  very  substantial  compression.  As  a 
matter  of  fact,  it  is  perfectly  feasible  to  use  compressions 
up  to  175,  approaching  200  pounds — possibly  more — 
without  reaching  ignition  temperature,  provided  the 
initial  air  is  not  too  warm.  Suppose  we  were  injecting 
straight  toward  the  piston  and  we  had  a  spot  of  metal  on 
there  that  did  not  get  red  hot,  but  raised  the  temperature 
of  the  air  right  next  to  it  200°  or  300°  higher  than  else- 
where. That  is  all  that  is  necessary  for  ignition,  and  that 
is  one  way  the  thing  might  be  done.  A  cold  external  wall 
ior  strength,  a  warm  internal  spot  at  the  maximum  dis- 
tance from  the  igniter,  not  red  hot  but  sufficiently  warm 
to  supply  a  couple  of  hundred  degTees  difference  between 
the  temperature  attained  by  compression  (which  is  not 
high  enough  to  produce  ignition)  and  the  amount  neces- 
sary to  actually  produce  ignition  at  that  one  spot  alone. 

We  do  not  know  much  as  yet  about  that  scheme, 
except  it  is  possible  to  run  that  way.    Whether  it  can  l>e 
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developed  into  a  practical  controllable  thing  remains  to 
be  seen.  I  am  inclined  to  think  it  can.  If  it  can,  then 
one  serious  bar  to  the  increase  in  size  and  more  extended 
use  of  the  Otto  cycle  engine  has  been  removed  and  a  new 
field  of  most  interesting  and  valuable  possibilities 
opened  up. 

Without  that,  however,  there  is  still  another  way  of 
proceeding  that  is  receiving  some  attention.  For  a  long 
time  back  it  has  been  known  tlut  with  a  sufficiently  fine 
and  proper  kind  of  spray  of  oil  into  air  an  ordinary 
spark  plug  would  serve  as  an  igniter.  With  the  wrong 
kind  of  spray  and  plug  the  oil  would  collect  at  the  spark 
plug  and  short-circuit  it,  but  a  spark  plug  can  be  made 
to  ignite  the  right  kind  of  spray  just  as  positively  as  it 
ignites  a  gaseous  mixture.  An  apparatus  involving  the 
lighting  of  sprays  by  spark  plugs  is  going  to  receive  con- 
siderable impetus  in  the  near  future. 

As  to  engine  schemes:  Suppose  we  had  a  thoroly  cold 
interior  engine — an  engine  the  walls  of  which  were  all 
cold,  just  as  cold  as  we  can  get  them,  and  to  my  mind 
you  cannot  get  them  cold  enough  for  a  good  practical 
oil  engine — the  colder  the  better.  Into  that  cold  cylinder 
we  admit  a  charge  of  air  and  compress  it,  but  not  suffi- 
ciently to  produce  ignition,  and  when  wc  get  a  sufficient 
compression  to  produce  a  highly  economical  engine  as  to 
oil  and  sufficient  to  produce  a  mean  effective  pressure 
approaching  100  pounds  per  square  inch,  then  ignite  with 
this  spark  plug.  That  can  be  done,  and  it  is  a  most  inter- 
esting possibility.  It  is  particularly  interesting  because  in 
conjunction  with  it  it  is  possible  to  use  a  modified  oil  spray. 

With  the  standard  Diesel  etigine  the  oil-spray  valve  is 
supplied  with  compressed  air  under  a  thousand  pounds 
and  more.  Now,  in  the  actual  running  of  these  engines 
the  air  compressor  to  supply  that  air  and  the  air  storage 
are  just  about  as  big  a  nuisance  as  the  engine — sometimes, 
in  fact,  and  often,  more.  If  we  could  get  rid  of  that,  it 
would  be  a  splendid  thing  to  do.  A  "  solid  "  spray  is 
therefore  a  highly  desirable  thing. 

So  far  we  have  succeeded  in  making  a  number  of 
engine  solid-spray  valves  that  work  quite  well,  and  they 
work  so  well  that  I  feel  confident  that  the  end  of  the 
compressed-air  spray  is  drawing  near,  and  that  thereby 
we  are  going  to  eliminate  another  big  source  of  trouble. 
I  am  not  sure  that  the  solid  injection  spray  I  have  in 
mind  will  work  on  the  Diesel  engine,  because  the  Diesel 
engine  requires  a  graduated  feed,  and  I  am  not  at  all 
sure  that  the  principle  of  action  of  the  solid  spray  can  be 
adapted  to  the  graduated  feed.  It  works  splendidly  with 
the  instantaneous  feed  for  the  Otto  cycle  or  explosion 
engine.  There  is  only  one  principle  that  need  be  kept  in 
mind  to  explain  the  many  ways  of  working  out  the  solid 
spray,  and  that  principle  is  pretty  old.  It  is  the  prin- 
ciple of  the  navy  fuel  oil-burning  spray  for  boilers.  The 
navy  and  other  ships  cannot  afford  to  use  compressed  air 
or  steam  for  spraying  oil,  as  is  so  common  on  land, 
because  they  have  not  the  fresh  water  with  which  to 
produce  this  steam.  They  are  therefore  compelled  to 
use  a  mechanical  spray,  and  thi<  type  of  spray  has  been 
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very  highly  developed.  It  involves  nothing  more  than  a 
minute  orifice  from  which  the  oil  is  discharged  with  a 
combined  motion  axially  thru  the  hole  and  rotary  as  it 
comes  out,  the  rotary  motion  being  dcvelo|>ed  before  the 
oil  reaches  the  hole  in  a  rifling  tube  or  tangential  feed 
passage  to  a  little  whirl-chamber  just  back  of  the  spray 
orifice.  Hy  giving  the  oil  a  whirl  behind  the  spray  orifice 
with  a  projier  exit  from  the  orifice  it  issues  with  a  motion 
in  two  directions — axial  and  rotary — producing  a  sort  of 
solid  conical  spray  that  is  fine  and  works  well  in  an 
engine.  By  making  the  passages  small  enough  in  such 
a  spray  valve  so  that  they  are  practically  capillary,  then 
a  direct-acting  pump  plunger  slamming  against  the  solid 
column  of  oil  will  make  such  a  spray  without  any  dribble 
at  the  ends  of  the  spray  period.  Remember  that  no 
dribble  at  the  end  or  beginning  of  a  spray  is  permissible, 
because  every  drop  that  dribbles  carbonizes.  To  avoid 
the  dribble  the  only  thing  necessary  is  to  get  the  passages 
substantially  capillary  in  size,  and  that  is  not  difficult.  At 
first  glance  it  would  seem  as  if  that  ltoiler  spray  valve 
could  not  be  made  to  work  with  rapid  intermittence,  but 
it  cati  and  is  so  working  to-day. 

Now  a  word  or  two  on  the  structural  side.  We  may 
assume  that  this  functional  question  has  in  it  consider- 
able undeveloped  possibilities,  and  that  these  are  not 
mysteries,  but  are  lines  of  purely  rational  progress,  the 
key  to  which  we  have  in  every  instance,  and  nothing  is 
unknown  except  how  far  you  can  go.  We  know  the 
route  every  tim«;  but  we  do  not  know  how  far  we  can 
go.  Assuming  that  you  can  see  with  me  in  your  mind's 
eye  non-Diesel,  late-injection,  high-efficiency  oil  engines 
working  as  well  as  the  Diesel — or  better— then  arises  the 
question,  How  should  the  structure  be  built?  Arc  there 
any  lines  of  standardization  that  can  be  well  and  properly 
applied  there?  Or  is  every  designer  to  regard  himself 
as  the  one  selected  by  the  Almighty  to  produce  some- 
thing that  no  one  else  ever  made?  Kor  some  strange 
reason,  that  seems  to  be  in  the  minds  of  almost  all  oil 
engine  designers.  While  for  years  we  have  been  building 
shafts,  frames,  and  engine  structures  for  steam  engines 
and  similar  structures  for  pumps  and  compressors,  just 
as  soon  as  an  oil  engine  designer  gets  his  hand  over  a 
drawing-board  he  wants  to  throw  all  that  experience 
away  and  get  up  some  other  thing  and  make  more  trouble 
than  do  the  parts  that  are  peculiar  to  the  oil  engine. 

The  point  of  view  to  take  with  regard  to  this  structure 
is  this:  There  is  no  essential  difference  in  kind,  except 
the  cooling  problem,  between  an  oil-engine  cylinder  and 
a  steam-engine  cylinder.  The  difference  is  one  of  degree 
in  the  structural  problem.  There  is  no  essential  differ- 
ence, certainly  none  in  kind,  between  the  problem  of  the 
frame  and  the  bed  plate  and  the  rest  of  the  running  gear 
of  the  oil  as  compared  with  the  steam  engine.  Thai  l>eing 
the  case,  these  queer  arrangements  that  have  crept  into 
the  oil-engine  field  and  that  have  become  more  or  less 
standard  there,  quite  contradicting  all  previous  experi- 
ence and  established  custom  with  the  more  firmly  estab- 
lished steam  engine,  cannot  W  accepted.    There  is  no 
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difference  whatever  in  the  design  of  a  column  to  sup- 
port a  bridge,  a  pier,  or  a  building,  or  to  support  a  statue; 
all  that  counts  is  the  load  to  be  placed  on  it.  And  yet  the 
oil  man  has  persisted  in  carrying  out  his  structure  from 
cylinder  down  to  bed  plate  on  radically  different  lines 
than  have  long  been  standard  with  steam.  The  result  is 
hopelessly  bad.  Let  us  bring  out  some  of  our  good  old 
designers  who  understand  the  designing  and  building  of 
structures  to  carry  loads,  and  I  would  not  tell  them  any- 
thing about  the  oil-engine  peculiarities  at  all.  Some  other 
man  is  taking  care  of  that.    Then  we  will  get  somewhere. 

Just  to  |>oint  out  one  or  two  things,  to  illustrate  what 
I  have  in  mind,  consider  the  most  widely  used  Diesel  ca-!- 
frame  structure  extending  from  bed  plate  to  cylinder  head, 
and  being  an  axially  expanding  cylinder  line.  This  cylinder 
line  is  a  stressed  member,  the  stress  being  bursting  stress, 
with  400  or  500  pounds  per  square  inch  normal  pressure 
at  the  top,  and  possibly  an  accidental  maximum  pressure 
with  a  pre-ignition  pressure  of  twice  that  amount— 1000 
or  1200  pounds  per  square  inch.    Now  we  certainly  know 
how  to  build  cylinders  to  withstand  bursting,  so  this  is 
not  peculiarly  an  oil-engine  problem,  except  that  its  ex- 
pansion must  not  be  restrained.    That  cylinder  structure 
is  inside  of  a  heavy  casting  and  held  at  the  top.  This 
casting  is  practically  an  "A"  frame  with  a  cylindrical 
extension  at  the  top ;  the  cylindrical  extension  forms  the 
water-jacket  and  is  faced  at  the  top  on  which  the  cylinder 
line  flange  rests.    There  is  a  slip  joint  at  the  other  end 
of  the  line  to  allow  of  longitudinal  expansion  of  the 
cylinder  line  barrel  with  reference  to  the  jacketed  frame. 
An  engine  built  along  such  lines  as  that  is  fundamentally 
wrong,  because  the  jacket  is  at  the  same  time  a  frame 
What  is  its  principal  duty?   Its  principal  duty  is  to  hold 
water — and  anything  that  will  hold  water  will  do  just 
as  well — and  yet  you  will  find  big  engines  with  jacket 
walls  of  l'-i-inch  cast-iron  for  many  feet  in  dianvrtrr. 
Think  of  all  the  weight  that  goes  with  that,  and  for  what? 
To  hold  water  and  transmit  an  upward  tension  load  from 
the  cylinder  head  down  to  the  main  bearing.  Nothing 
could  be  more  fundamentally  wrong.    In  the  first  place, 
as  to  the  material:  It  is  all  cast-iron  and  is  always  in 
tension  if  it  is  loaded  at  all.    If  it  were  a  steam  engine 
there  would  be  an  alternate  compression  and  tension: 
but  here  it  is  tension-loaded,  and  if  there  is  any  worse 
material  than  cast-iron  for  carrying  a  tension  load,  it  i> 
proltably  cast  aluminum.   Furthermore,  if  such  a  cylinder 
line  barrel  is  strong  enough  to  resist  bursting,  it  has  just 
twice  the  factor  of  safety  for  the  longitudinal  tension 
stress,  which  means  that  the  double  metal  of  line  and 
jacket  is  entirely  unjustified.    The  cylinder  should  be 
held  to  the  frame  at  its  crank  end  and  the  jacket  eliminated 
as  a  stressed  member.  There  is  no  reason  for  carrying  a 
heavy  cast-iron  wall  for  a  jacket,  when  ordinary  tank 
steel  will  do  the  job  just  as  well  and  a  little  bit  better. 
We  have  oxygen  welding  apparatus  that  will  enable  u> 
to  weld  the  edge  of  a  thin  sheet  to  cast-iron  with  perfect 
success  and  with  not  much  expense. 

There  is  then  a  necessity  for  changing  the  cylinder 
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to  take  off  that  unnecessary  weight.  Do  you  know  that 
some  of  these  engines  of  stationary  form — the  class  I  am 
condemning — weigh  600  pounds  per  horsepower?  Think 
of  it !  And  when  these  same  engines  are  refined  down 
for  ship  work  without  changing  the  type  of  structure, 
just  the  same  typical  arrangement,  but  reducing  the  bed 
plate  and  getting  rid  of  fly-wheels,  they  come  down  to 
about  150  pounds  per  horsepower.  Rut  there  they  stick. 
To  go  below  that  it  is  necessary  to  change  the  structural 
arrangement  to  conform  more  and  more  nearly  to  the 
better  and  more  refined  class  of  standard  steam  practice, 
and  in  this  country  there  are  excellent  models  for  them, 
and  all  that  has  to  be  done  is  to  follow  them  out  and  keep 
within  the  same  method  of  calculating  loads  and  factors 
of  safety — keep  the  same  factors  and  the  resulting  work 
just  as  well  as  in  the  steel.  That  means  not  only  the 
taking  away  of  this  cast  jacket  and  making  the  cylinder 
barrel  carry  the  two  kinds  of  stress — the  bursting  and 
the  longitudinal  at  the  same  time,  which  it  is  jK-rfectly 
able  to  do — but  it  means  also  to  take  this  heavy  cast-iron 
frame  structure  away  from  the  space  between  the  cylin- 
der end  and  the  l>ed  plate  and  to  substitute  for  it  the  steel 
tension  rod  construction  of  the  torpedo  boat  or  yacht 
engine — to  mention  the  two  most  highly  developed  forms 
of  that  structure.  To  be  sure,  that  type  of  engine  is  not 
a  stiff  engine.  Certainly  the  cylinders  are  going  to  sway 
and  weave.  But  what  of  that?  Where  did  these  oil- 
engine designers  get  the  idea  that  this  thing  had  to  be  a 
stiff  structure,  like  a  brick  wall?  1  do  not  know  where, 
but  they  got  it,  and  there  it  sticks. 

The  most  successful  engines  wc  have  to-day,  and 
the  most  wonderful  machines  that  we  have  ever  de- 
signed, arc  steam  locomotives.  When  you  consider  what 
they  have  to  do  and  how  well  they  do  it,  they  are  truly 
wonderful.  What  would  happen  to  a  locomotive  that 
was  built  stiff?  And  what  would  happen  to  the  rails 
on  which  it  runs?  You  would  have  neither  locomotive 
nor  rails  at  the  end  of  the  first  run.  The  steam  engine 
that  gives  years  and  years  of  service  and  is  regarded  as 
a  model  of  reliability,  carrying  a  ship  trip  after  trip, 
back  and  forth  across  the  ocean  like  a  ferryboat— is  that 
a  stiff  structure?  It  is  not;  it  weaves  and  twists,  but 
that  does  not  hurt  it.  Why,  then,  should  we  insist  upon 
the  cast-iron  stiff  structure  for  oil  engines?  There  is  no 
reason  on  earth  why  wc  should.  So  I  say  that  we  can 
take  the  steam-engine  structure  from  bed  plate  to  cylinder 
and  design  and  apply  it  to  oil  engines,  selecting  dimensions 
:o  give  similar  etastic  factors,  bearing  loads,  and  so  forth, 
and  it  should  give  equal  success. 

After  these  two  changes  it  will  be  time  to  remove  the 
outside  cast  wall  of  the  cylinder  head.  By  taking  the  cast 
head  jacket  away  from  the  top  of  the  head  wc  will  free 
the  valve  housings,  the  intake  and  exhaust  ports,  the 
housing  for  spray  valve  and  starting  valve.  These  will 
then  be  exposed  and  the  present  elaborately  cored  casting 
eliminated.  These  cored  heads  arc  so  awful  the  foundry- 
men  and  moulders  arc  not  to  be  blamed  for  doing  with 
them  what  they  always  do  when  they  get  into  a  corner 
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with  cores  that  are  too  intricate — they  knock  a  piece  off ; 
and  then  we  wonder  why  the  head  overheats.  The  de- 
signer thought  he  had  provided  for  water,  but  the  moulder 
could  not  get  it  there,  and  the  designer  is  responsible  for 
asking  a  moulder  to  do  what  no  man  could  do.  In  pro- 
portion as  that  casting  is  made  easy  to  mould,  so  it  will 
be  a  go<id  job.  By  means  of  the  oxygen  weld  the  whole 
cylinder  head  top  can  be  left  off  and  the  only  cores  left 
are  the  cores  for  the  intake  and  exhaust,  which  are  easy 
cores.  Then  you  get  a  clean  casting  which  can  be  in- 
spected on  both  sides  atul  free  of  bad  shrinkage  stresses, 
add  a  sheet  jacket  welded  around  the  edges,  and  you  will 
have  a  real  job. 

Just  as  an  indication  of  what  happens  when  this  thing 
is  carried  out,  even  in  part.  I  will  tell  you  that  the  most 
highly-developed  ot  these  oil  engines  to-day  are  the  sub- 
marine engines.  In  those  engines  the  heavy  cast  frame 
structure  in  the  better  of  them  has  been  removed,  and,  as  a 
consequence  of  the  steam-engine  practice  as  to  frame 
structure,  those  engines  which  in  the  older  form  of  oil- 
engine structure  weighed  150  jwunds,  more  or  less,  to  the 
horsepower  have  come  down  to  what?  Thirty-live  or 
forty  pounds  per  horsepower.  They  still,  however,  are 
carrying  the  cast-iron  jacket  and  a  cast-iron  roof  to  the 
head,  so  there  is  room  for  saving  some  more  w  ithout  doing 
any  harm  whatever. 

To  conclude,  then,  with  a  word  or  two  about  the 
auxiliaries — especially  with  ships,  because  you  may  get 
a  perfectly  fine  engine,  and  by  wrong  kinds  of  auxiliaries 
or  wrong  arrangement  of  auxiliaries  have  an  aw  ful  hard 
engine-room  to  work.  The  tendency  for  some  time  has 
been  to  regard  the  engine  structure,  when  it  comes  to 
auxiliaries,  as  a  sort  of  Christmas  tree  on  which  you 
hang  anything  you  want  to  use.  If  they  decided  to  put  a 
fire-alarm  in  the  engine-room,  I  have  no  doubt  that  they 
would  stick  it  on  the  engine  somewhere.  You  find  cir- 
culating pumps,  air  compressors,  water  pumps  for  circu- 
lating water,  and  oil  pumps,  in  some  cases  bilge  pumps- 
all  hooked  on  to  the  main  structure  of  the  engine,  which, 
in  some  cases  and  quite  a  number,  is  2-cycle,  with  a  row 
of  scavenging  cylinders  stuck  along  one  side,  so  that  they 
resemble  the  old  river  boat  engines.  It  certainly  makes  a 
weird  combination,  and  in  the  old-day  steam-engine  prac- 
tice just  that  thing  was  done.  They  carried  feed  pumps 
on  the  engine,  condensers  were  mounted  on  the  engine, 
and  hot,  well,  and  circulating  pumps  likewise.  It  took  us 
150  years  to  get  rid  of  that  arrangement,  and  it  is  no 
longer  standard  practice.  The  engine  structure  should 
l*  preserved  and  respected  as  an  engine  structure,  and 
not  interfered  with  at  all  by  hanging  any  kind  of  trim- 
mings on  it  that  have  the  slightest  |K>ssibility  of  inter- 
fering with  access  to  the  engine.  Doubly  so  is  that  true 
when  the  auxiliary  attached  to  the  engine  does  not  and 
cannot  behave  right  as  attached. 

In  the  latter  connection  I  would  call  your  attention 
particularly  to  the  circulating  pump  for  water.  When 
the  circulating  pump  for  water  is  driven  off  the  engine, 
I  Cixi/iirw.-rf  m  Patif  ~»'  I 
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AN  ENGINEER'S  ANALYSIS  WITH  SUGGESTIONS 

By  CARL  C.  BARTH,  Member 
PART  1 


OXM  morning  in  August  last  my  eyes  chanced  to 
light  on  a  telegram  from  "Washington  that 
appeared  in  the  Chiratjo  Herald,  and  which  gave 
the  status  at  that  time,  in  the  Senate  Finance  Committee, 
of  the  luminal  income  tax  law.  After  much  controversy 
in  the  joint  committee  of  the  House  and  Senate  (with 
some  modifications)  this  was  finally,  in  October  last, 
enacted  into  the  present  personal  income  tax  law. 

In  that  telegram  reference  was  made  only  to  the 
incomes  to  be  taxed  at  various  rates,  or,  in  other  words, 
to  the  purely  mathematical  features  of  the  law,  and  to 
this  alone  my  considerations  will  be  strictly  confined. 
Not  that  I  do  not  feel  both  competent  and  justified  in 
criticising  adversely  some  of  the  other  aspects  of  the  law, 
such  as  the  special  discriminatory  8  per  cent,  tax  on 
incomes  of  professional  men  and  women  in  excess  of 
$6000;  the  insignificant  proportional  difference  between 
the  tax  imposed  on  single  and  married  men  enjoying  large 
incomes;  the  determination  of  a  man's  status  as  single 
or  married  for  the  year  1917,  for  the  purpose  of  the  tax, 
by  his  status  in  this  respect  on  December  31  only,  etc. 
As  there  are  thousands  of  persons  far  more  competent 
to  criticise  the  law  in  its  broader  financial  and  economic 
aspects,  I  shall  humbly  confine  myself  to  that  part  for 
which  a  natural  inclination  and  a  wide  experience  in 
applying  a  limited  knowledge  of  mathematics  to  practical 
engineering  problems  have  perhaps  especially  fitted  me. 

What  arrested  my  attention  in  that  little  notice  in  the 
Chicago  Herald  was  the  absolute  lack  of  mathematical 
regularity  in  the  increases  at  which  incomes  are  taxed 
with  increasing  tax  rates,  as  well  as  the  similar  lack  of 
regularity  in  the  tax  rates  themselves;  while  the  very 
term,  "  a  graded  or  graduated  tax,"  as  applied  to  the  law, 
would  seem  to  imply  a  tax  or  tax  rate  that  would  grad- 
ually increase  with  the  increase  in  income  according  to 
some  law,  which  thus,  dealing  with  numerical  values  or 
quantities,  would  be  expressible  as  a  mathematical  for- 
mula giving  either  the  tax  or  the  net  tax  rate  to  be  levied 
on  any  particular  income,  in  terms  of  that  income. 

In  this  lack  of  regularity  is  immediately  recognized 
the  lack  of  an  experienced  mathematical  mind  behind  the 
whole  arrangement,  and  I  went  at  once  to  work  to  investi- 
gate the  whole  matter  in  the  same  way  that  1  am  used  to 
investigate  practical  engineering  problems,  confident 
that  such  investigation  would  yield  interesting  and 
useful  results  * 

t  Presented  before  the  Philadelphia  Section  of  the  American 
Society  of  Mechanical  Engineer*,  at  the  Engineers"  Club.  February 
26,  1918. 


A  summary  of  these  is : 

1.  A  mathematical  formula  for  the  tax  on  married 
men,  which  gives  directly  the  tax  to  be  levied  on  any 
income,  and  which  averages  the  tax  imposed  by  the 
present  law  to  such  an  extent  that  it  agrees  perfectly 
with  the  law  at  no  less  than  four  particular  incomes  and 
within  0.16  of  1  per  cent,  for  a  fifth  income ;  and,  finally, 
within  0.5  of  1  per  cent,  tor  all  incomes  bevond 
$20,000,000. 

I  claim,  therefore,  without  fear  of  contradiction,  that 
this  formula  really  represents  the  true  intent  and  efforts 
of  the  frainers  of  the  present  law,  who,  not  being  mathe- 
maticians, have  certainly  done  an  admirable  piece  of  near 
mathematical  work,  when  this  lends  itself  so  well  to  an 
approximation  by  a  mathematical  formula ;  and  who,  ac- 
cordingly, cannot  very  well  be  blamed  for  the  not  incon- 
siderable relative  injustices  the  present  law  imposes  on 
certain  incomes.  Such  injustices,  however,  are  incon- 
testably  revealed  by  a  comparison  of  the  law  and  the 
formula,  and  should  be  corrected. 

This  formula  also  brings  out,  as  a  fact,  tltat  the  ex- 
emption of  any  income,  no  matter  how  small,  is  a  mathe- 
matical absurdity,  and  thus  points  a  way  to  its  own 
modification,  such  that  it  will  impose  taxes  so  low  on  very 
small  incomes,  that  these  will  be  more  nominal  than 
actual,  a  matter  that  will  be  fully  treated  later  on. 

2.  A  scientific  way  of  selecting  ever-increasing  in- 
comes at  which  increased  tax  rates  should  be  levied,  to- 
gether with  corresponding  tax  rates,  such  that  the  result- 
ing taxes  will  practically  agree  with  the  taxes  called  for 
by  any  formula,  for  all  incomes  thus  selected;  if.  after 
all,  taxing  by  a  formula,  no  matter  how  simple,  should 
be  deemed  inexpedient— a  point  no  engineer,  however, 
can  concede  for  a  moment. 

3.  A  general  formula  that  is  believed  to  be  eminently 
suitable  for  a  graded  tax,  and  which,  with  appropriately 
differentiated  values  of  one  of  its  constants,  is  equally 
applicable  to  single  men  and  married  men  with  or  with- 
out children. 

4.  A  formula  that  is  the  result  of  a  combination  of 
the  final  tax  formula  proposed,  with  Pareto's  law  of  in- 
comes, as  it  has  been  found  also  to  apply  to  the  United 
States  by  Prof.  Erving  Fisher,  the  well-known  economist 
of  Yale  University,  and  at  present  president  of  the 


•  After  my  first  efforts  in  this  nutter  I  was  fortunate  enough 
tii  be  accorded  an  interview  with  Prof.  T.  S.  Adam*,  the  tax 
expert  in  the  Treasury  Department,  who  was  at  once  ready  t> 
see  the  possibilities  of  my  efforts,  and  to  whose  encouragement 
my  subsequent  work  is  largely  due. 
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The  Present  Income  Tax  Law  as  it  Applies  to  Married  Men  Wkost 
Exemption  is  $1,000.00.    By  Incomes  is  Here  Meant  the  "Net 
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American  Economic  Association,  which  will  give  the 
total  tax  of  all  taxpayers  enjoying  incomes  between  a 
maximum  and  minimum. 

5.  Finally,  numerous  tables  and  diagrams  that  simply 
and  clearly  set  forth  the  arguments  in  the  whole  matter. 

Let  us  now  look  at  the  law  as  it  stands,  and  as  it  is 
represented  in  Tabic  I,  in  which  the  rates  of  1916  and 
1917  are  combined  into  a  single  rate  and  applied  in  a 
perfectly  obvious  manner  to  obtain  the  actual  taxes  for 
the  "  master  '*  incomes  of  the  law.  Noting  first  the 
difference  between  the  incomes  listed  in  column  A  as 
listed  in  column  B,  and  then  the  differences  of  these 
differences  as  listed  in  column  D,  we  at  once  become 
cognizant  of  the  arbitrary  selection  of  the  incomes  listed 
in  column  A  and  their  absolute  lack  of  conformity  to  any 
mathematical  regularity.  To  be  sure,  they  reveal  a  great 
desire  for  even  amounts,  and  within  certain  limits  this  is 
a  laudable  desire  that  should  receive  some  consideration, 
tho  surely  only  a  secondary  one  in  a  matter  of  this  kind. 

In  column  E  are  also  listed  the  differences  between 
the  tax  rates  listed  in  column  A,  and  the  differences  of 
tliese  differences  are  finally  listed  iti  column  F.  These 
reveal  a  similar  lack  of  regularity,  and  help  to  condemn 
the  whole  arrangement  of  both  the  incomes  and  the  rates 
listed  by  the  present  law. 

Let  it  be  said,  however,  that  the  lack  of  regularity 
in  the  tax  rates  to  a  remarkable  extent  offsets  the  lack  of 
regularity  in  the  incomes  to  which  they  apply,  so  that 
the  final  result  is  not  nearly  so  bad  as  a  superficial  glance 
at  the  figures  would  indicate,  and  it  is  difficult  to  under- 
stand how  such  an  unmathematical  treatment  of  the  whole 
matter  has  succeeded  so  well  in  establishing  a  graded  tax 
that  does  not  impose  greater  .relative  injustices  than  it 
actually  does. 

But  now,  for  the  exposure  of  the  relative  injustices  as 
they  incontrovertibly  exist,  which  is  made  only  in  the 
spirit  of  constructive  criticism,  and  with  the  understand- 
ing that  I  have  no  knowledge  on  which  to  base  any 
criticism  for  or  against  the  absolute  justice  of  a  graded 
income  tax. 

What  is  intended  is  to  point  out  a  systematic  and  scien- 
tific way  of  ironing  out  the  kinks  in  the  present  law,  which 
is  also  the  intent  of  the  amendment  to  the  present  law 
proposed  some  months  ago  by  Senator  Smoot,  of  the 
Senate  Finance  Committee,  to  which  comparative 
reference  will  be  made  later. 

In  Table  II  are  relisted  the  incomes  and  their  corre- 
sponding tax  amounts  of  the  present  law  as  they  respec- 
tively appear  in  columns  A  and  C  of  Table  I,  and  also 
the  corresponding  tax  amounts  as  figured  by  the  formula 
already  referred  to  as  representing  the  law  with  a  remark- 
able degree  of  approximation,  and  in  addition  hereto  the 
particular  incomes  at  which  the  law  and  the  formula  give 
identical  tax  amounts. 

This  cormKirison  of  the  law  with  the  formula  is  also 
shown  graphically  in  diagrams  No.  1  and  No.  2,  in  which 
the  full-line  curve  represents  the  formula  and  the  dotted 
line  the  law.    Diagram  No.  1  is  on  a  larger  scale  than 
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Tablr  II 
Amount  of  Tax 
Comparison  of  present  law  with  the  formula: 


Note  the  enact  agreement  for  the  following  incomes:  2,000  — 
5,1 28  - 192,687  -  2.251,000,  and  also  the  exceedingly  close  agreement 
for  350,000. 

The  maximum  overtaxation  in  dollars  and  cents  occurs  at 
about  $33,000  and  amounts  to  about  $478.76.  while  the  maximum  in 
per  cent,  occurs  at  about  $23,500  and  amounts  to  nearly  28  per  cent. 
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No.  2  and  clearly  shows  bow  both  lines  start  from  an 
income  of  $2000  with  no  tax,  how  the  dotted  line  falls 
slightly  below  the  curve  up  to  the  income  $5128,  thus 
reflecting  (lie  field  of  undertaxation  with  which  the  law 
starts  out  as  marked  in  Tabic  II,  and  then  quickly  rises 
above  the  curve  up  to  the  income  $33,000,  after  which  it 
again  approaches  the  curve  to  cross  it  a  second  time  at 
the  income  $192,687,  as  shown  on  diagram  No.  2.  We 
thus  also  have  followed  the  first  field  of  overtaxation 
of  the  law.  as  marked  in  Table  II  between  the  incomes 
$5128  and  $192/«7.  From  the  latter  point  on,  the  dotted 
line  again  falls  lielow  the  curve  as  it  enters  the  second 
field  of  undertaxation,  as  marked  in  Table  TI  between  the 
incomes  $192,687  and  $2,251,000,  at  which  latter  point 
it  enters  the  second  and  final  field  of  overtaxation.  Un- 
fortunately the  diagram,  not  reading  beyond  the  income 
$+00,000,  docs  not  show  this  last  point  of  coincidence 
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between  the  dotted  line  and  the  curve,  but,  with  an  eye 
on  the  latter  part  of  Table  II,  it  is  now  readily  pictured 
in  the  interested  reader's  mind. 

The  close  approach  of  the  tax  by  the  law  to  that  of 
the  formula  for  the  income  $350,000  also  shows  very 
clearly  in  diagram  No.  2,  which  also  shows  the  wonder- 
fully close  average  agreement  between  the  law  and  the 
formula  which  1  finally  succeeded  in  constructing  after 
trying  out  and  discarding  a  great  many  of  various  forms. 
In  fact,  if  in  this  formula  the  fraction  Y$  was  written 
0.67,  and  the  constants  10,000  ami  360,000  were  slightly 
modified,  it  could  be  made  to  agree  even  more  closely  for 
incomes  beyond  $2,500,000  or  so;  but  I  have  thought 
justified  in  reading  into  the  67  per  cent,  rate  of  the  law 
on  all  incomes  in  excess  of  $2,000,000  a  rounding  up  of 
the  decimal  equivalent  0.66666 — of  the  fraction  Ys,  which 
I  have  imagined  the  framcrs  of  the  law  really  had  in  mind 
as  the  ultimate  limit  of  their  graded  taxation  scheme- 
But  diagram  No.  1  shows  us  more ;  namely,  that  the  for- 
mula logically  implies  that  a  negative  tax  be  levied  on 
incomes  below  the  exemption  of  $2000,  as  the  full  curve 
representing  the  formula  falls  below  the  base  line  for 
incomes  between  0  and  $2000.  In  other  words,  if  it  be 
granted,  as  I  feel  it  must  be,  that  the  formula  does  in 
the  main  represent  the  true  intent  and  efforts  of  the 
framcrs  of  the  present  law,  it  follows  that  these,  in  their 
unmathematical  attempt  at  solving  a  mathematical  prob- 
lem, have  unintentionally,  but  nevertheless  absolutely, 
committed  themselves  to  pay  a  subsidy  to  married  men 
whose  incomes  are  less  than  $2000  per  year,  to  the  extent 
shown  in  Table  No.  Ill,  which  has  l>een  figured  by  the 
formula. 

T.MU.E  III 


Ir.cnm-«  N>»itive  tu  or  latxidy 

0    37.02 

100    35.SJ 

S00    29.13 

1000    20.31 

1500    10  60 

2GO0    0 


And,  as  it  is  impossible  to  construct  a  graded  tax  formula 
of  any  kind  based  on  an  exemption,  that  would  not  lead 
to  a  similar  or  an  even  worse  absurdity,*  we  sec  that  no 
exemption  can  logically  Ik-  allowed  either  single  or  married 
men ;  and  that  it  thus  becomes  logically  necessary  so  to 
arrange  a  graded  tax  that  all  incomes,  however  small,  are 
at  least  nominally  subject  to  a  tax.  But  before  proceed- 
ing with  the  presentation,  discussion,  and  recommendation 
of  a  tax  formula  of  this  kind,  let  us  have  another  look  at 
the  defects  of  the  present  law,  as  they  will  now  be  further 
pointed  out  in  connection  with  diagram  No.  3.  In  this  dia- 
gram the  scheme  of  taxation  of  the  present  law  is  pre- 
sented in  the  most  conspicuous  and  convincing  manner. 

•  By  absurdity  I  have  reference  only  to  the  absence  of  »ny 
intention  to  pay  a  subsidy  to  citizens  whose  incomes  fall  below  an 
amount  at  which  a  tax  levy  ceases.  Who  can  tell  what  the  future 
has  in  store?  And  considered  by  itself,  (tcrhaps  it  would  not  be 
at  all  absurd  to  pay  a  subsidy  to  a  poorly  paid  bread  winner  of 
a  lartic  family. 
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The  three  main  fields  of  the  diagram  cover  respectively: 
the  bottom  field,  incomes  up  to  $100,000,  on  a  compara- 
tively large  scale;  the  middle  field,  incomes  up  to 
$1,000,000,  on  a  scale  equal  to  1/10  of  the  former;  and, 
finally,  the  top  field,  incomes  up  to  $10,000,000,  on  a  scale 
equal  to  1/100  of  thai  of  the  bottom  field;  while  in  all 
three  fields  the  scale  is  the  same  for  the  percentage  of 
tax  levied  in  the  various  fields  of  incomes. 

Turning  our  attention  first  to  the  main  bottom  field 
of  the  diagram  and  the  income  $2000  at  winch  taxation 
begins  at  two  per  cent.,  we  have  here  the  forty  dollars 
of  tax  between  0  and  $4000,  represented  by  the  little  rec- 
tangle in  which  two  per  cent,  is  written,  such  that  half 
of  this  rectangle  similarly  represents  the  tax  up  to  $3000. 
Similarly,  the  rectangle  between  the  incomes  $4000  and 
$5000,  the  upper  part  of  which  is  shaded  and  in  which 
four  is  written,  represents  the  additional  tax  on  $1000 
at  four  per  cent.,  or  an  additional  forty  dollars.  Again, 
the  rectangle  between  the  incomes  $5000  and  $7500,  the 
upper  part  of  which  is  also  shaded  and  in  which  five  is 
written,  represents  a  further  additional  tax  on  $2500  at 
five  per  cent.,  or  $125,  and  so  on  thru  the  whole  diagram, 
such  Chat  the  total  area  covered  by  all  the  rectangles  from 
the  income  $2000  up  to  any  other  income,  represents  the 
total  tax  on  such  latter  income.  The  curve,  the  area 
between  which  and  the  upper  limit  of  each  rectangle  is 
shaded,  represents  the  gradually  increasing  tax-rate  that 
corresponds  to  the  formula 

r-(c-2ooo)  j .  (i). 

C  +360,000 

and  as  such  is  the  graphical  representation  of  the  first 
derived  function  of  this  formula;  namely, 

rf  T      j  ('((■+  720,000)  +  2.900.000  (n) 
d  C  ~  ••  (C  +  3*0,000) * 

That  area  between  the  base  line  of  the  diagram  and 
this  curve  which  lies  between  any  two  incomes,  accord- 
ingly represents  that  tax  between  these  incomes  which  is 
called  for  by  formula  (I).  The  shaded  areas  that  lie 
above  the  curve  in  the  diagram  represent  the  over- 
taxation of  the  law  in  the  various  fields,  while  the  shaded 
areas  that  lie  below  the  curve  similarly  represent  the 
undertaxatioti  of  the  law,  such  that,  when  once  under- 
stood, the  diagram  most  clearly  and  conclusively  demon- 
strates not  only  the  lack  of  continuity,  but  also  the  lack 
of  regularity  in  the  attempted  compromises  in  the  present 
law.  For  the  third  time,  the  diagram  also  most  clearly 
shows  that  there  is  a  relative  undertaxalion  from  $2000 
up  to  $4000.  and  relative  overtaxation  all  the  way  from 
$4000  to  $33,000,  such  that  the  undertaxation  below 
$4000  is  exactlv  balanced  bv  the  overtaxation  between 
$4000  and  $5128.  Between  $33,000  and  $192,687  over- 
and  undertaxation  so  alternate,  with  the  excess  under- 
taxation so  great  between  $150,000  and  $192,687  that  at 
this  latter  income  the  net  result  is  again  a  coincidence 
with  the  formula.  Between  $192,687  and  $350,000  the 
alternating  undertaxation  and  overtaxation  will  be  seen 
to  balance  each  other  prettv  well,  as  previously  shown  in 
Table  II ;  but  from  $350,000  up  to  $1,000,000  the  whole 


field  will  l>e  seen  to  be  undertaxed  to  an  extent  that 
amounts  to  a  veritable  discrimination  in  favor  of  all  in- 
comes between  these  limits.  Then  turning  to  Table  II, 
we  see  that  the  tax  for  $1,000,000  is  only  $475,180,  while 
the  formula  calls  for  $494,107.84,  or  a  difference  of 
$18,927.84,  an  amount  which  it  will  take  the  overtaxation 
on  a  large  number  of  small  incomes  to  cover,  even  if  it 
in  itself  amounts  to  los  than  four  per  cent.  By  the  sud- 
den jump  of  the  tax  rate  from  59  per  cent,  to  65  per  cent 
at  $1,000,000,  this  undertaxation  is  again  balanced  by 
a  portion  of  the  final  field  of  overtaxation,  at 
about  $2,251,000. 

Not  only  does  this  diagram  bring  out  the  grosser 
mistakes  of  the  law,  but  it  also  shows  up  in  the  clearest 
possible  way  the  unavoidable  minor  injustices  of  any 
scheme  of  graded  taxation  with  definite  steps  of  per- 
centages, and  makes  it  perfectly  plain  that  full  relative 
justice  can  be  meted  out  only  by  taxing  according  to 
a  continuous  formula.  However,  before  we  proceed  to 
the  consideration  of  the  form  of  formula  that  will  even- 
tually be  recommended  in  this  paper,  we  will  first  see 
how  we,  with  formula  (I)  as  a  basis,  may  arrange  a 
scheme  of  graded  taxation  by  steps  that  at  least  will  be 
a  great  improvement  over  the  present  law,  and  reduce 
the  relative  injustices  to  a  minimum.  For  this  purpose 
I  first  reason  that  the  gradually  increasing  distances  be- 
tween the  incomes  to  be  selected,  at  which  higher  rates 
arc  to  be  applied,  must  themselves  follow  some  simple 
mathematical  law,  at  least  approximately ;  and  arranging 
them  in  a  geometrical  progression  naturally  suggests 
itself.  After  giving  this  a  Irttlc  study  I  have  selected  the 
following  incomes  as  a  basis: 

10.000-1 5,000-22.500-33.500— 50,000-70.000- 
100,000 

These  are  fairly  even  figures  and  at  the  same  time 
form  approximately  a  geometrical  progression,  the  aver- 

age  ratio  between  them  bemg  y  moo()  -  y  10  _  ,  w 

with  a  maximum  of  1000o  =  jS  O0O  =  1.5.  and  *  minimum 

.  70,000 
01    50.000  ** 

With  these  figures  as  a  basis,  1  build  up  indefinitely 
by  multiplying  them  by  10  as  often  as  required  to  cover 
the  greatest  income,  and  divide  by  10  to  get  down  to 
just  below  the  exemption  figure  2000,  thus: 

1 500-225O-3350-S000-700O-10.000, 

which  figures  I  then  modify  to 

2000—3000—1500—6700—10,000, 

in  order  to  get  a  start  at  2000.  The  whole  scries  of  in- 
comes arranged  according  to  this  scheme  are  listed  in  col- 
umn A  of  Table  IV,  together  with  such  tax  rates  (to  the 
nearest  0.1  or  0.01)  applied  to  the  differences  of  these  in- 
comes as  listed  in  column  B,  which  will  bring  the  resultant 
total  tax  for  any  income  listed,  to  perfect  agreement  with 
the  tax  as  calculated  by  formula   ( I )  and  listed  in 
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Table  IV 


Jmprned  Step  Taxation  Illustrated  in  Connection  with  Formula  (/). 


A 

□ 

C  D 

Income*  at  which 
chanire  of  tax 

rate  uiice*  place, 
»nd  tax  rate 

Difference 
betwwn  incoinn 
lutrd  in  column  A 

Taxe*  at  figured 
by  ratet  luted 
in  column  A 

Tftxei  as  figured 
by  formula  1 

$2,000 
2.4 

»l,000 

0.00 
$24.00 

0.00 

3,000 
2.8 

1.500 

24.00 
42.00 

$23.88 

4,500 

3.5 

2.200 

66.00 
77.00 

66.30 

6,  "00 
4.4 

3.300 



143.00 
145.20 

142.70 

10,000 

5.8 

5.000 

288.20 
290.00 

288.29 

15,000 
7.8 

7,500 

578.20 
585.00 

577.78 

22.500 
10.5 

11.000 

1,163.20 
1.155.00 

1,161.22 

33.SOO 
14.3 

16.500 

2,318.20 
2,359.50 

2,321.47 

50,000  | 
18.8      j  20,000 

4,677.70 
3,760.00 

4,682.92 

70,000 
24.0 

30,000 

8,437.70 
7.200.00 

8,434.10 

100,000 
30.6 

50,000 

15.637.70 
15,300.00 

15,623.19 

150,000 
38.4 

75,000 

30,937.70 
28.800.00 

30.954.25 

22S.000 
45.9 

110.000 

59.737.70 
50,490.00 

59,720.80 

?3S,000 
52.S 

165.000 

110,227.70 
86,625.00 

110,201.43 

500.000 
57.4 

200.000 

196.852.70 
114,800.00 

196,883.72 

700,000 
60.8 

300,000 

311.652.70 
182,400.00 

311,685.53 

1,000,000 
63.3 

500.000 

494,052.70 
316.500.00 

494,107.84 

1.500.000 
64.9 

750.000 

810.5S2.70 
486,750.00 

810,745.54 

2,250.000 
65.8 

1,100,000 

1,297,302.70 
723,800.00 

1.297.696.04 

3.350,000 
66.3 

1,650.000 

2.021.102.70 
1.093,950.00 

2,021,433.96 

5,000,000 
66.42 

2,000,000 

3.115,052.70 

3.114,425.37 

7.000.000 
66.55 

3,000,000 

4.443.452.70 
1.996.500.00 

4.443,476.45 

10.000,000 
66.62 

5,000,000 

6.439,952.70 
3.331.000.00 

6.440,148.01 

15,000.000 
66.64 

7,500.000 

9,770.952.70 
4.998,000.00 

9.770,832.47 

22,500.000 
66.66 

oo 

14.768,952.70 

14.769.02S.95 
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column  D — the  actual  taxes  as  obtained  by  the  thus 
slightly  erroneous  tax  rates  being  listed  in  column  C. 

It  will  be  seen  that  the  differences  between  the  figures 
in  columns  C  and  D  are  everywhere  so  small  that,  com- 
pared with  the  discrepancies  between  the  law  and 
the  formula  as  so  fully  pointed  out  above,  they  may 
be  overlooked. 

Graphically  this  comparison  is  represented  in  diagram 
No.  4,  which  in  principle  is  the  same  as  diagram  No.  3. 
The  shaded  areas  above  the  curve  in  all  three  major 
fields  of  the  diagram  also  here  represent  the  overtaxations 
by  this  latter  mode  of  *'  step  taxation"  as  compared  with 
formula  (I),  and  the  shaded  areas  below  the  curve  the 
undertaxations.  It  will  be  seen  at  once  how  practically 
exactly  these  neutralize  .each  other  in  each  and  ever)' 
field  of  this  scheme  of  step,  field,  or  block  taxation,  which- 
ever term  is  the  most  appropriate;  while  it  will  also  be 
realized  that  every  income  that  falls  within  the  lower  half 
limit  of  any  of  these  fields  of  a  uniform  tax  rate,  is 
saddled  with  an  overtaxation  which,  at  its  maximum  near 
the  middle  of  each  field,  amounts  to  a  relative  injustice 
that  is  by  no  means  negligible,  even  in  this  greatly  im- 
proved scheme  of  step  taxation  based  on  a  mathematical 
formula  as  a  substitute  for  the  guesswork  done  by  the 
framcrs  of  the  present  law.  This  guesswork,  however, 
as  has  already  been  admitted  and  pointed  out,  is  a  wonder 
of  its  kind. 

If  a  diagram,  similar  to  Nos.  1  and  2,  were  made 
to  represent  the  scheme  of  step  taxation  represented  in 
diagram  No.  4  and  Table  IV,  the  same  would  appear  as 
a  broken  dotted  line  whose  corners  would  fall  practically 
exactly  on  the  curve  that  represents  formula  (I),  and 
which  then  would  not  deviate  greatly  from  the  curve  at 
any  point.  Diagram  No.  5  illustrates  the  same  scheme 
of  step  taxation,  but  with  a  different  formula  represented 
by  the  curve,  which  formula  will  now  be  presented  and 
discussed  as  of  a  more  rational  and  simple  form  than 
formula  (I).  In  fact,  it  is  so  simple  that  there  should 
be  no  real  difficulty  in  adopting  it  directly  in  taxation,  to 
avoid  the  relative  injustices  that  are  inherent  in  any 
scheme  of  step  taxation,  as  so  fully  pointed  out  in 
the  foregoing. 

Reference  has  already  been  made  to  the  amendment 
to  the  present  law  proposed  by  Senator  Smoot,  and  it" 
my  understanding  of  it  is  correct,  the  same  consists  in 
merely  dropping  the  two  per  cent,  normal  tax  of  1916 
from  the  present  law,  and  thus  retain  only  the  two  per 
cent,  normal  tax  of  1917,  together  with  the  combined 
sur-taxes  of  1916  and  1917.  As  it  is  the  sudden  addition 
of  the  two  per  cent,  normal  tax  of  1916,  beginning  with 
an  income  of  $4000,  to  the  two  per  cent,  normal  tax  of 
1917  that  begins  at  $2000  which  is  the  ca\isc  of  the  first 
and  relatively  greatest  field  of  overtaxation  in  the  present 
law,  the  Smoot  amendment  would  do  much  greater  relative 
justice  in  this  field  of  incomes,  while  it  would  not  mate- 
rially affect  the  field  of  greatest  undertaxation,  as  this  is 
due  to  discrepancies  in  the  sur-taxes  imposed  in  this  field. 
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A  comparison  of  the  present  taw,  the  Smoot  amend- 
ment, and  the  fonnula  just  referred  to  a1>ove.  which  is 

t+275.0OO. 

is  niaile  in  Table  V,  and  again  in  diagrams  Xos.  6  ami  7. 
While  the  formula,  nominally  at  least,  allows  no  exemp- 
tion, but  levies  taxes  on  incomes  down  to  zero,  it  will  be 
seen  that  the  tax  for  any  income  below  the  married  man's 


Tablk  V 

1 

Incomes    o<  pnMfit  lnw 

Til**"!. 

by  formula 

r- 

1  C 

jc+  m.ooo 

br  th^Smoot 

$500 

700 
1.000 
1.500 

2.000  0 
3.000  20 

$0.60 
1.18 
2.42 
5.42 
9.63 

21.58 



o 

20 

Tax  by  the 
formula  is 
greater  than 
by  both  the 
law  and  by 
the  amend- 
ment. 

3.320  26.40 

26.40 

26.40 

4.000  40 
5.1*10  80.00 
7.500  205.00 
10.000  355.00 

38.23 
59.52 
132.74 
233.92 

40.00 
60.00 
135.00 
235.00 

Tax  by  the  for- 
mula is  less 
than  by  both 
the  law  and 
the  amend- 
ment. 

12.100  502.00 

340.00 

340.00 

12.500 
15.CXKJ 
20.000 
40.000 

51.632 

5.50.00 
730.00 
1.180.00 
3,580.00 

362.32 
517.24 
903.96 
3.386.25 

360.00 
510.00 
860.00 
2,860.00 

Tax  by  fonnula 
is  less  than  by 
the  law.  but 
greater  than 
by  the  amend- 
ment. 

5.441.12  5.441.12 

4,488.48 

60.000 
80.000 
100,000 
150,000 
200,000 
250,000 
300,000 
S00.000 
750.000 
l.uoo.imii 
1,500,000 
2,000,000 
5,000,000 

6,780.00 
10,980.00 
16.180.00 
31.680.04) 
49,180.00 
69,680.00 
92,680.00 
192,680.00 
327,680.00 
475,180.00 
800,180.00 
1,130,180.00 
3,140,180.00 

7.164.18 
12.018.78 
17.777.78 
35.294.12 
56,140.35 
79  365  08 
104,347.82 
21S.0S3.76 
365.853.66 
522.875.82 
845,070.42 
1,172.161.17 
3,159.557.6s 

5,660.00 
9,460.00 
14,260.00 
28,760.00 
45,260.00 
64,760.00 
68,760.00 
182.760.00 
312,760.00 
455,260.00 
770,260.00 
1,090,260.00 
3,040,260.00 

Tax  by  the 
formula  is 
greater  than 
both  by  the 
law  and  by 
the  amend- 
ment. 

9,494,217 

6,151,305  39 

6,151,305.39 

5.197,484.16 

10,000.000 
20,000.000 

6,490.180.00 
13.190.180.00 

6.488.240.07  6.290,260.00 
13.152,486.66  12.790,260.00 

i 

Tax  by  formula 
is  less  than  by 
the  law,  but 
greater  than 
by  the  amend- 
ment. 

exemption  of  $2000  under  both  the  present  law  and  the 
Smoot  amendment,  is  very  small  indeed,  and  even  at 
$2000  amounts  to  only  $9.63.  or  less  than  one-half  of 
one  per  cent. 

At  $3320  the  tax  by  the  formula  drops  to  perfect 
coincidence  with  both  the  law  and  the  amendment,  after 
which  it  runs  slightly  below  the  amendment  and  rapidly 
more  and  more  below  the  law,  until  at  the  income  $12,100 
it  again  coincides  with  the  amendment.    From  here  on 
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it  begins  to  exceed  the  amendment  more  and  more  and 
to  approach  the  law,  which  it  finally  overtakes  at  the 
income  $51,632.  From  this  point  it  even  exceeds  the  law 
up  to  the  income  $9,494,217,  at  which  it  once  more  drops 
below  the  law,  to  continue  below  it  indefinitely  but  not 
materially,  without,  however,  ever  getting  as  low  as 
the  amendment. 

We  thus  see  that  this  new  formula  is  a  remarkable 
compromise  between  the  present  law  and  the  Smoot 
amendment,  and  as  such  it  is  recommended  for  most 
careful  consideration. 

A  very  natural  objection  to  it  is  that  it  provides  no 
exemption;  but  it  has  previously  been  pointed  out  that 
any  exemption  whatever  is  a  mathematical  absurdity,  and 
hence  cannot  logically  be  provided  for  in  a  mathematical 
formula  for  taxing  purposes.  However,  for  incomes  for 
which  the  formula  would  levy  taxes  so  low  thai  it  would 
not  pay  to  collect  them,  there  would  be  a  sort  of  automatic 
exemption,  tho  even  these  small  taxes  might  be  collected 
in  part  by  the  issue  of  some  kind  of  "  income  tax  stamps." 
which  conscientious  and  patriotic  citizens  of  very  small 
incomes  would  be  glad  to  buy,  and  by  so  doing  would 
be  able  to  enjoy  as  full  a  pride  in  their  citizenship  as 
the  multimillionaire  who  is  forced  to  give  up  the  greater 
portion  of  his  income,  whether  he  likes  to  or  not,  or 
whether  or  not  there  is  any  other  justification  for  the 
enormously  high  rates  imj)oscd  upon  him  than  the  tem- 
porary one  that  the  money  must  be  raised,  and  that,  hence 
it  must  be  taken  from  those  who  have  it. 

The  general  form  of  formula  (III)  is 

r-v+. (,Vl 

and  it  is  not  necessarily  my  idea  that  a  should  have  the 
value  -  j,  and  a  the  value  275,000.  These  values  have 
been  assigned  in  formula  (  III  )  only  to  make  it  a  compro- 
mise between  the  Smoot  amendment  and  the  present  law, 
in  the  manner  discussed  above. 

In  diagram  No.  5  this  formula  is  again  represented— 
namely,  by  the  full-line  curve — while  the  dotted  broken 
line  represents  the  same  form  of  step  taxation  as  repre- 
sented in  diagram  No.  4,  in  connection  with  formula  <  I !. 

However,  before  proceeding  with  a  further  consider- 
ation and  discussion  of  fonnula  ( IV).  a  still  more  rational 
method  of  selecting  the  incomes  in  a  step-taxation  scheme 
will  be  considered :  for,  turning  again  to  diagram  Xo.  4, 
it  will  be  realized,  if  indeed  the  reader  has  not  already 
discovered  it  for  himself,  that  the  geometrical  progression 
method  gives  incomes  unnecessarily  close  together  beyond 
$2,000,000  or  so.  In  this  respect  the  framers  of  the 
present  law  have  again  been  on  the  right  track  in  applying 
an  ultimate  tax  rate  for  alt  incomes  beyond  S2.OOO.O00. 
In  other  words,  tho,  in  the  light  of  my  labors,  any  scheme 
of  step  taxation  must  be  emphatically  condemned,  I 
have  resolved  not  to  leave  a  stone  unturned  to  devise  one 
that  will  be  beyond  criticism.  My  labors  to  this  end 
have  been  greater  by  far  than  alt  the  rest,  and  have  in- 
volved so  much  mathematical  work  that  I  shall  refrain 
from  doing  more  than  present  the  results. 
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In  this  last  scheme  of  step  taxation  the  incomes  (arc 
arranged)  at  which  a  change  of  tax  rate  is  to  take  place 
by  the  following  formula : 


Tablis  VI 

Second  Imprmxd  SUp  Taxation  at  IlluHrated  in  Connection  with 
Formula  {HI) 


a  n 


a v «-l  I    • C 

in  which  C  is  the  lower  of  two  adjacent  incomes;  C, 
the  higher;  a  is  the  same  constant  as  in  formula  (IV), 
and  ii  is  a  number  whose  selection  depends  on  the  maxi- 
mum proportional  overtaxation  we  wish  to  limit  ourselves 
to  in  our  step  taxation.    Writing  this  formula : 

C.  an 

C  "  a'm-1)  —  C 

C  n 
we  see  that  the  ratio  t-'  approaches  the  value  h_%  as  C 

approaches  0;  while  as  the  successive  incomes  increase, 
this  ratio  also  increases,  until,  for  the  income  C  —  a(  »-\ ) , 
it  becomes  00  .  In  other  words,  the  formula  expresses  a 
law  of  formation  of  the  incomes  in  this  scheme  of  step 
taxation,  which  begins  as  a  geometrical  progression,  and 
may  be  considered  as  a  geometrical  progression  with  a 
constantly  increasing  ratio  which  ultimately  and  rather 
suddenly  becomes  infinitely  great,  and  thus  puts  an  auto- 
matic limit  on  the  number  of  incomes  in  the  series. 

With  the  values  a  equal  275,000  and  u  equal  5  intro- 
duced in  formula  (V),  or 

r     f  1.375,000 
1,100,000-C 

this  has  been  applied  in  the  plan  of  step  taxation  illus- 
trated in  diagram  Xo.  8,  with  formula  (III),  or 

J'  C+  275,000 

as  a  basis.  Table  VI  shows  how  this  has  been  done,  and 
also  how  the  uneven  income  figures  that  the  formula  gives 
have  been  rounded  up  with  a  view  to  even  figures,  as 
entitled  to  some  consideration. 

It  can  be  shown  that,  in  spite  of  the  ever-increasing 
ratio  between  two  successive  incomes  adopted,  the  relative 
injustice  in  overtaxation  for  any  income  between  these 
becomes  less  and  less  when  measured  in  per  cent.,  while 
in  absolute  dollars  and  cents  it  becomes  greater  and 
greater.  This  is  inherent  in  formula  (V),  and  was  the 
object  of  its  discover)-. 

Reverting  now  to  a  further  consideration  of  the 
general  formula  (IV),  or 

•r  _  _  C 


C  +  a 


(IV) 


in  the  first  place,  for  the  purpose  of  making  a  difference 
between  single  and  married  men,  different  values  must 
be  assigned  to  u.  However,  a  certain  value  of  a  for  single 
men  might  be  adopted  to  serve  for  long  periods  at  a  time, 
together  with  a  rule  for  its  modification  to  apply  to  a 
married  man  or  other  head  of  a  family,  according  to  the 
size  of  his  family:  so  that  legislation  of  the  value  of 
a  alone  would  have  to  be  resorted  to  whenever  a  variation 
in  the  country's  economic  condition  would  necessitate 
a  change. 


Incomes  »tt'1  tlep 
formula  -~ 
1  t 

u>  r»tc»  by  the 
I.J7S.000 
1. 1  oo.ooo— c 

Tuci  by  Olif 
•cbeme  of  ttcp 

Tain  by  Ibo 
formula 

r  ic-tns.ooo 

S5UU 

0.27 

125 

$0.60 
0.34 

$0.60 

625 
0.35 

175 

094 
0.61 

0.94 

800 
0.44 

200 

1.55 

.88 

1.55 

1.000 
0.54 

250 

2.43 
1.35 

2.42 

1,250 
068 

350 

3.78 
2.38 

3.77 

1,600 
0.86 

400 

6.16 
3.44 

6.17 

2.000 

1.1 

500 

9.60 

 5.50 

~9~63 

2,500 
1.3 

700 

15.10 
9.10 

15.20 

3,200 
1.7 

800 

24.20 
13.60 

24.54 

4,000 

2.1 

1.000 

37.80 
21.00 

38.23 

5,000 

2.7 

I.4O0 

58.80 
37.80 

59.52 

6,400 
3.4 

1.600 

96.60 
54.40 

97.04 

8.000 
4.1 

2,000 

151.00 
82.00 

150.76 

10,000 
5.1 

2.500 

233.00 
127.00 

233.92 

12,500 
6.5 

3.500 

360.00 
227.50 

361.32 

16,000 
7.9 

4.000 

587.50 
316.00 

586.49 

20,000 
9.8 

5.500 

903  50 
539.00 

903.96 

25.500 
12.1 

7,000 

1,442.50 
847.00 

1.442.60 

32.500 
14.9 

9,000 

2.289.50 
1,341.00 

2,290.00 

41,500 
ISO 

11.000 

3.630.50 
1,980.00 

3,627  70 

52.500 
21.7 

14.5(H) 

5.610.50 
3.146.50 

5,610.69 

6T.<lOU 
25.8 

19,000 

8.757.00 
4.902.00 

8,750.49_ 

80.000 
306 

26.000 

13.659.00 
7,956.00 

13,658.36 

112,000 

36.0 

38,000 

21,615.00 
13,680.00 

21.608.97 

150.000 
41  7 

50,(810 

35,295.00 
20,850.00 

35,294  12 

200,000 
47.4 

75,000 

56,145.00 
35,555.00 

56,140.35 

275.0(H) 
52.9 

1 1 5,000 

91,700.00 
60,835.00 

91,666.67 

390,000 
58.0 

21 0,(8)0 

152,535.00 
121,8(10.00 

152.481.20 

600,000 
62.1 

400,000 

274,335.00 
248,400.00 

274.285.71 

t, 000,000 
64.9 

1,000,000 

522,735.00 
649,000.00 

522.875.82 

2,000,000 
66.6 

18.(XH).000 

1,171,735.00 
11.988.000.00 

1.172.161.17 

20,1100,000 

13.159,735.00 

13.tS2.486.66 
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As  an  illustration,  the  formula  for  single 
be  written: 


might 


r.  -  i. 


C  +  J 00,000 
and  for  married  men  with  .V  children 


[VI) 


r.  -  i  - 


C+200,000  +  75,000  [l  +  "VJ 


!R  ivn) 


For  a  married  man  without  children  formula  (VII) 
would  then  revert  to  formula  t  III  ),  or 

1      '  C+  275,000. 

In  Table  VII  arc  listed  a  few  representative  incomes 
between  0  and  $10,000,000.  with  the  corresponding  taxes 
as  figured  for  single  men  by  formula  (VI)  and  married 

Table  VII 


Tu  on 
tinrfe  men 

2  O 

T»»  on 
married  men 
by  formal* 

2  C"» 

Di5er«ttce  = 

2~  75.000   

5    (C  +200,000)  (C  +275,000) 

Ratio- 
C+275.O0O 
C  i  200.000 

s  C  +  200.000  ,i  c  + } ;  s.ooo 

0  O 

0 

0 

«i.3;5« 

»soo  to»j 

tO.6.1 

W.  2  J 

1.174 

l.OOO  .1.31 

2.42 

OlM 

I.J7J 

2.000            l.l.  JO 

4.6.1 

5.57 

I.J7I 

4.000  52.21 

.H.2.1 

14.05 

1.56* 

10.000  317.46 

2JS.»2 

U.56 

I.JJJ 

40.000  4,444.44 

3.5*6.25 

1.03*.  I« 

1.115 

100.000  22.222.22 

17.77;.;* 

4.444.44 

1.250 

500.000  i.t».0»S.2« 

215,03.1.76 

25.041.4* 

1.107 

I.CKK10OO  555.5S5.35 

522.(75.112 

52.676. 75 

1.045 

V0OO.00O.I.20S.I2*.21 

).I5».S5;.66 

45.570.55 

I.OIS 

10.0OO.0O0  6.SJ5.V4;.  71 

6.4W.24O.07 

47.707.64 

1.007 

~\  " 

m 

Limil -50.000  00 

Limit  =1 

•Limit  -  1.575. 

men  by  formula  (III),  together  with  their  differences  and 
ratios ;  and  it  will  he  noted  how  the  differences  increase, 
with  the  incomes,  from  0  up  to  $50,000  as  a  final  limit: 
while  the  ratios  decrease  with  the  incomes,  from  1.375  as 
a  limit  for  the  smallest  incomes,  to  /  for  the  largest.  In 
other  words,  as  his  income  increases,  a  single  man's  tax 
diminishes  from  a  maximum  possible  of  37.5  per  cent, 
in  excess  of  a  married  man's  tax  to  about  0.7  of  one  per 
cent,  at  an  income  of  $10,000,000.  the  absolute  excess  of 
this  tax  being  $47,707.64.  This  certainly  appeals  to  me  as 
a  more  equitable  relation  than  the  relation  existing  under 
the  present  law,  which  levies  an  excess  tax  on  a  single 
man  as  compared  with  a  married  man,  which  is  based 
only  on  a  $1000  difference  in  exemption,  and  which 
amounts  to  only  $40  for  all  incomes  exceeding  $5000. 
We  will  now  pass  to  a  further  discussing  of  the 

general  formula  (IV),  or  T-a 

If  in  this  a  is  made  1.  and  the  same  thus  written 


'  f+" 


(VIII). 


it  will  now  be  shown  that  the  formula  in  this  form  may 
be  considered  as  representing  an  ultimate  limit  in  a  gradu- 
ated taxation  scheme,  and  as  such  must  be  fully  under- 
stood and  consulted  before  a  rational  selection  can  be 
made  of  values  for  either  a  or  a  in  formula  (IV) ;  for  the 


value  Yi  for  a  and  the  value  275,000  for  a  in  formula 
(III)  have  found  their  way  into  this  merely  as  a  modifi- 
cation of  the  present  law  and  the  Smoot  amendment, 
neither  of  which  has  any  mathematically  discoverable 
rational  or  scientific  basis  of  any  kind. 

In  diagram  No.  9.  formula  (VIII)  is  represented  by 
the  upper  curve  against  which  any  income  and  its  corre- 
sponding tax  are  read  in  terms  of  a.  The  upper,  full 
line,  being  at  an  angle  of  forty-five  degrees,  reads  an 
income  against  the  vertical  scale  as  well  as  against  the 
horizontal  scale,  so  that  the  vertical  distance  between  this 
line  and  the  curve,  represents  the  difference  between  an 
income  and  its  tax,  or  what  is  left  the  taxpayer:  and  it 
will  be  seen  how  this  amount  more  and  more  approaches 
the  same  value ;  namely,  the  value  a,  which  is  the  constant 
vertical  distance  between  the  full  forty-five  degree  line 
and  the  dotted  forty-five  degree  line,  which  parallels  it. 
Designating  what  is  left  the  taxpayer,  by  this  amount 
may  be  written 

c1      <ic  c 


L-C 


C     C+«"t'  +  a"    C  +  a 


which,  as  C  gradually  becomes  greater  and  greater, 
approaches  the  value  a  as  a  limit,  as  L ,  r  -  then  ajiproaches 

1  as  a  limit ;  which  is  thus  a  proof  of  the  statement  just 
made  above.  It  is  because  of  this  property  of  formula 
(VIII)  that  I  have  referred  to  it  as  expressing  an  ulti- 
mate limit  in  a  graduatxd-tax  scheme ;  for,  actually  applied 
in  practice,  it  would  mean  the  practical  confiscation  of  all 
large  incomes,  except  for  an  amount  which  can  never  reach 
the  value  a.  For  a  practical  taxation  formula  it  is  there- 
fore necessary  to  assign  a  value  to  a  in  the  general  formula 
( IV »  which  is  less  than  unity :  and  let  us  now  see  how 
much  this  general  formula  will  leave  the  taxpayer.  We 
have  again : 

L_c-r-c-«-£-  -  cji -«>  +  -<-  . 

C  +  o  C'+u 
[a  +  r(l~a>] 


C  I  « 


which,  as  C  becomes  greater  and  greater,  approaches  the 
value  L  =  a  4-  C(\-a)  as  a  limit.  That  is  to  say.  when 
a  is  assigned  a  value  less  than  unity,  a  taxpayer  of  in- 
finitely great  income,  and  who  as  such  would  be  left  pro- 
portionally the  smallest  |«rt  of  his  income,  would  be  left  a 
certain  definite  fraction  of  his  income  in  addition  to  the 
amount  a.    Thus,  if  tax  is  levied  by  formula  (III),  or 

a 


r-i 


he  would  retain  $275,000  plus  i3  of 


C+  275.000. 

his  income.  It  may  now  be  realized  that,  while  I  have  no 
intention  that  under  any  circumstances  formula  (VIII) 
should  be  used  directly  for  tax  purposes,  it  was  with  an 
eye  on  this  formula  that  the  suggestion  was  previously 
made  for  a  more  rational  relation  of  a  single  man's  tax 
to  that  of  a  married  man. 

Ixt  me  repeat  that  my  recommendation  is  the  adoption 
for  a  graded  income,  or  other  graded  tax,  of  the  general 
formula : 
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to  be  applied  directly  to  single  men,  and  modified  to 
7  _  a  C- 

for  married  men,  in  which  .V  =  number  of  children,  and 
m  a  number  which  will  depend  on  what  consideration  the 
number  of  children  are  deemed  worthy  of  as  compared 
with  a  wife.  In  the  present  law,  which  allows  an  exemp- 
tion of  $200  for  each  child,  five  children  have  the  same 
consideration  as  their  mother,  and  it  was  because  of  this 
that  f  wrote  mi  =  5  in  formula  (VII).  I  also  contend 
that  values  for  a,  b,  and  m  might  well  be  assigned  to  serve 
their  purpose  for  any  period,  however  long,  during  which 
the  fundamental  economic  ami  social  conditions  of  the 
country  do  not  undergo  any  radical  change,  such  that  the 


value  of  o  alone  would  be  subject  to  change  as  often  as  the 
financial  condition  of  the  government  might  require  more 
or  less  tax  to  be  levied.  However,  in  fixing  a  relatively 
permanent  value  for  a,  b,  and  m,  their  significance  when  a 
is  made  1  should  have  the  most  careful  consideration. 

As  a  matter  of  purely  theoretical  interest,  we  may 
even  write  formula  (IX)  thus: 

in  which  »i  —  number  of  wives,  with  only  the  two  alter- 
native possible  values  in  Christian  countries;  namely,  0 
for  single  men  and  1  for  married  men.  With  n  =  0,  .V 
must  also  be  0,  in  which  case  the  formula  reverts  to 
formula  (IV). 

{End  ot  Part  I) 


THE  HEAVY  OIL  ENGINE 

(Continued  from  rage  279) 


either  by  its  own  crank  or  by  rocker  and  links  from 
other  moving  parts,  then  when  the  engine  stops  the  water 
stops,  and  when  the  engine  starts  the  water  starts.  That 
might  seem  to  be  a  desirable  thing  at  first  glance.  As  a 
matter  of  fact,  it  is  positively  dangerous,  and  many 
cracked  cylinders  and  piston  heads  can  be  traced  to  that 
cause  alone ;  because,  consider  the  interior  of  a  cylinder 
when  the  engine  is  running  at  full  power,  and  you  will 
see  that  there  are  some  hundred  pounds  of  metal  very 
hot— quite  hot  in  proportion  as  it  is  thick.  Now  when 
that  engine  is  shut  down  heat  is  there  as  insensible  heat 
of  the  metal,  and  the  jackets  are  full  of  water — X  pounds 
of  water  and  J'  pounds  of  hot  metal.  If  the  weights  and 
heats  involved  are  figured  out  you  will  find  in  a  big  engine 
there  is  enough  heat  in  the  metal  to  evaporate  all  the 
water  to  steam  and  you  would  still  have  some  left  to 
conduct  out  to  more  distant  parts,  which  should  be  cold- 
parts  which  are  designed  to  be  cold,  but  which,  when  hot, 
crack.  Especially  is  that  true  when  after  such  a  shut- 
down and  a  general  heating  somebody  starts  the  engine 
and  shuts  a  lot  of  cold  water  up  against  the  surface. 
That  condition  can  be  eliminated  only  by  completely  in- 
dependent jacket  water  circulators  separately  driven  by 


another  engine,  which  |>ermit  the  running  of  the  water 
so  long  as  water  comes  out  from  the  discharge  with  any 
rise  in  temperature  over  the  intake.  In  other  words,  the 
water  should  be  continued  thru  such  an  engine  until  it 
ceases  to  become  warm,  and  that  may  be  from  twenty 
minutes  to  half  an  hour  after  the  shutdown,  depending 
on  the  size  and  style  of  machine. 

A  similar  discussion  could  be  carried  on  about  other 
auxiliaries.  This  question  of  auxiliary  arrangement  and 
starting  by  an  auxiliary  engine  is  just  as  important  for 
study  as  the  engine  itself.  There  is  just  as  much  room 
for  improvement  as  in  the  engine  structure,  as  a  structure, 
or  the  engine  parts  that  are  concerned  with  its  func- 
tional operation. 

Getting  back  now  to  the  beginning,  it  must  be  ad- 
mitted, and  the  more  you  study  it  the  more  willing  you 
will  be  to  admit  it,  that,  while  we  have  made  very  con- 
siderable progress  with  the  heavy  oil  engine,  that  progress 
is  by  no  means  ended.  In  fact,  we  can  go  much  further 
yet  than  we  have  already  gone,  and  we  can  make  the 
heavy  oil  engine  meet  conditions  it  has  heretofore  failed 
to  meet. 


- 
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By  MAJOR  J.  A.  VOGLESON,  Retiring  President 
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MAJOR  J.  A.  VOGLESON.  U  SNA 


illlllllllllllllllllll 

IT  is  a  matter  of  re- 
gret to  me  that  it 
is  not  practicable 
to  be  with  you  at  the 
Annual  Meeting  and 
address  you  in  per- 
formance of  the  duties 
of  the  position  with 
which  you  have  hon- 
ored me  during  the 
past  year. 

Entering  the  mili- 
tary service  of  our 
country  last  January, 
anil  being  far  removed 
from  the  Club's  activ- 
ities, with  duties  in  the 
field  that  call  for  close 
application,  it  has  not 
been  possible  to  enter 
into  the  work  of  the  Club  in  the  manner  that  a  nearer  ap- 
proach would  have  [>ermitted  since  that  date.  It  is  possi- 
ble, however,  to  send  you  a  word  in  greeting  and  to  speak 
briefly  of  the  work  that  has  been  done  during  the  past  year 
toward  carrying  forward  development  plans  of  the  Club. 

Our  principal  aim  during  the  last  two  years  has  been 
based  upon  the  idea  of  creating  a  center  for  Philadelphia 
and  its  immediate  vicinity  in  which  the  various  engineer- 
ing activities  of  the  section  could  find  a  means  for  ex- 
pression on  matters  of  professional  interest,  both  tech- 
nically and  socially. 

The  year  has  been  singularly  marked  by  the  success- 
ful efforts  of  the  various  committees  who  worked  with 
unflagging  interest  to  carry  forward  the  Club's  purpose 
and  to  fulfil  the  objects  for  which  we  are  organized.  Con- 
fronted as  we  have  been  by  the  conditions  arising  from 
a  world-wide  war,  we  still  have  made  progress ;  and  thru 
the  work  of  those  committees  and  the  sustained  interest 
of  the  mcmbcrship-at-largc,  we  have  drawn  nearer  to  the 
accomplishments  desired.  It  had  been  my  hope  as  your 
presiding  officer  that  during  the  year  all  of  the  contem- 
plated improvements  could  be  carried  into  effect,  and  that 
the  incoming  officers  could  this  year  devote  the  time  which 
is  given  to  the  affairs  *  if  the  Club  without  the  distraction 
of  dealing  with  a  building  program.  The  times  and  con- 
ditions have  not  |>ermitted  the  realization  of  that  hope,  but 
that  our  newly-elected  officers  will  carry  it  much  nearer 
to  the  desired  goal,  I  have  no  doubt. 

At  the  beginning  of  the  fiscal  year  1917-1918,  the 
officers  of  the  Club  were  confronted  with  the  problem  of 

*  Presented  at  Thirty-ninth  Annual  Meeting,  Engineer.*'  Gub, 
May  21.  1918. 


how  to  carry  on  the  work  which  the  Club  Development 
and  Building  Committees  had  accomplished  up  to  that 
time.  A  state  of  war  for  our  nation  had  been  but  recently 
declared.  The  demands  for  time  and  money  were  many 
and  varied.  As  engineers,  we  would  not  retreat;  nor  did  it 
seem  fitting  that  trenches  should  be  dug,  but  rather  that 
we  should  go  forward.  The  membership  of  the  Club  re- 
sponded to  the  call  with  no  little  sacrifice,  and  has  made 
possible  the  additions  and  improvements  to  our  property 
which  have  been  effected  during  the  year. 

The  Annual  Reports  of  the  several  committees  have 
been  presented  to  you,  and  in  them  you  have  doubtless 
found  matters  that  are  of  much  interest.  To  me  they 
have  been  most  encouraging  for  the  future  of  our  or- 
ganization. Our  membership  thru  the  first  year  of  war- 
fare has  been  well  sustained,  and  on  March  31  was 
twenty-two  hundred  and  twenty- four,  or  but  one  hun- 
dred and  forty-one  less  than  it  was  at  the  beginning  of 
the  fiscal  year  on  April  1,  1917. 

During  the  year,  two  additional  local  engineering  so- 
cieties have  become  affiliated  with  the  Engineers'  Club,  and 
our  total  affiliated  societies  now  number  nine.  The  joint 
meetings  made  possible  by  affiliations  enable  our  member- 
ship to  hear  papers  of  the  highest  order  in  all  the  various 
fields  of  engineering  activities;  and  we  believe  that  our 
affiliated  societies  also  benefit  by  the  closer  association. 

The  Club  Journal  has  been  developed  into  a  publica- 
tion that  has  surpassed  the  imagination  of  its  most  san- 
guine supporters  when  the  first  departures  were  made  by 
the  editor  of  our  former  Bulletin,  who  had  the  vision  to 
see  that  the  former  Proceedings  could  be  developed,  and 
had  the  courage  to  start  and  carry  on. 

All  of  our  committees  are  important  and  vital  to  the 
welfare  of  the  Club  and  have  worked  assiduously  for  its 
interests.  The  Committee  on  House  and  the  Building 
Committee  have  worked  most  diligently  for  our  creature 
comforts  and  added  to  them.  To  the  Committee  on  Pa- 
pers is  due  especial  appreciation  for  the  excellent  series 
of  papers  which  have  been  presented  during  the  year. 
The  Junior  Section  has  become  revitalized,  and  to  this 
body  of  our  niemltership  the  hand  of  good  fellowship  and 
encouragement  should  ever  be  extended. 

The  Club  as  a  collective  body  has  served  the  nation 
thru  the  work  of  its  Committee  on  National  Service.  Two 
hundred  and  thirty-two,  or  one-tenth  of  our  membership, 
are  in  the  armed  forces  of  the  nation,  and  I  believe  there 
is  none  of  our  members  who  has  not  rallied  to  the  service 
of  our  country  in  essential  industrial  work  which  must  be 
performed  to  maintain  our  military,  naval,  and  air  forces. 

There  is  that  other  function  of  waging  war  which  is 
most  vital  to  all  arms  of  the  service,  and  in  this  our  Gub 
must  not  be  remiss.    I  refer  to  maintaining  the  national 
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morale.  Our  country  is  at  war.  Let  none  of  us  forget 
that  until  this  war  has  heen  successfully  terminated.  To 
win  a  war,  as  well  as  to  successfully  carry  out  a  collec- 
tive purpose,  there  must  be  such  unanimity  of  action  that 
the  nation  can  act  as  one  unit.  We  have  come  to  the  acid 
test  of  determining  whether  free  people  can  rise  to  those 
degrees  of  organization  which  must  be  attained  if  our  in- 
stitutions shall  survive  the  shocks  that  can  he  directed  by 
governments  whose  fundamental  tenets  are  that  might  is 
right  and  that  a  state  has  no  moral  obligations.  That  many 
millions  of  people  are  obsessed  by  such  doctrine  can  not 
he  denied;  and  that  they  have  suffered  and  will  suffer  the 
hardships  of  untold  privation  and  hunger  and  will  die  for 
their  beliefs  is  written  across  the  Weeding  days  of  now 
almost  four  years  of  warfare.  Opposing  this  doctrine 
have  been  sacrificial  Belgium,  hemic  France,  tenacious 
Britain  and  valiant  Italy,  lighting  and  bleeding  for  us  thru 
the  agonizing  years  of  this  war.  Our  country  has  spoken 
firmly,  and  we  are  rushing  to  the  encounter,  but  let  it  be 
with  humility  that  we  pursue  our  task. 

There  is  no  business  so  important,  there  is  no  need  so 
great  as  our  country's  business  and  our  country's  need  at 
this  hour.  We  must  realize  this ;  we  must  act  upon  it  to  the 
fullest  extent  of  our  power  in  order  to  maintain  those  insti- 
tutions for  government  which  have  been  entrusted  to  us. 

We  cannot  all  go  to  the  front;  there  is  work  to  do  in 
the  field  and  mine  and  shop,  and  all  the  essential  commer- 
cial mechanism  must  be  kept  in  motion  and  must  work  effi- 
ciently. There  must  be  the  spirit  i>f  sacrifice  and  the  will 
to  endure.  Let  us  think  victory,  talk  victory,  work  for  vic- 
tory, humbly  and  prayerfully,  never  with  boasting;  not  the 
victory  of  "'might  is  right,"  but  the  victory  that  right  makes 
the  might,  and  build  for  die  unanimity  of  action  without 
which  our  sacrifice  will  be  vain  and  our  efforts  futile. 

There  are  duties  for  all  in  these  hours  of  trial,  but  to 
engineers  there  have  fallen  very  sjtecial  duties  and  no 
small  res]Mjnsibility.   Technical  knowledge  has  made  pos- 


sible the  scale  of  modern  warfare.  Thru  the  years  of  his 
patient  labor  the  engineer  has  worked  for  the  "  comfort 
and  convenience  of  man  ";  and  to  his  skill  is  largely  due 
many  of  the  developments  which  make  a  world-wide  war 
possible;  and  now,  when  we  have  come  to  a  period  in  our 
history  when  our  institutions  will  be  tested  to  the  utmost 
and  where  the  |>aths  of  progress  lead  to  construction  thru 
destruction,  I  am  sure  that  we,  as  engineers,  shall  not  be 
found  wanting  either  in  the  field  or  at  home  in  applying  our 
knowledge  in  the  fullest  measure  for  our  country's  service. 

There  is  no  glamour  in  a  modern  army  cantonment, 
and  fur  the  grandeur  of  military  trappings  you  will  have  to 
turn  to  the  pagesof  your  illustrated  histories,  and  even  they 
are,  in  part,  figments  of  fancy,  1  fear,  for  war  has  always 
been  grim  business  and  is  now  even  more  grim,  if  degrees 
of  comparison  are  possible.  There  is,  however,  in  these 
camps  a  spirit  and  determination  to  sec  this  grim  task  thru 
to  a  just  j>eace.  And  there  is  at  work  a  leaven  of  acquain- 
tanceship which  augurs  well  for  our  country's  future. 

With  the  soldier  there  will  never  be  an  Last,  West, 
Xorth,  or  South,  but  one  great  nation.  Both  city  and 
country-bred  are  vying  in  the  spirit  of  service.  The  na- 
tive-born is  learning  that  in  his  fellow  soldier  of  alien 
birth,  brought  to  our  shore*  by  hoi>c  of  freedom,  can  burn 
a  devotion  to  duty  equal  to  his  own.  Order  and  disci- 
pline are  steadying  forces,  and  when  we  return  to  our 
homes  it  will  be  with  an  awakened  sense  of  responsibilities 
and  duties  which  will  make  for  better  citizenship.  One 
youth  was  heard  to  exclaim  good-naturedly  during  his 
straggle  at  grubbing  a  stump  from  a  company  street: 
"  Dad  tried  for  twenty  years  to  make  me  do  something  like 
this,  but  it  took  Uncle  Sam  to  put  it  over."  Just  as  that 
lad  rose  to  the  necessities  of  the  occasion,  so  must  we,  as 
a  nation,  rise  to  our  great  task;  for  while  war-making 
has  not  been  our  profession,  war-ending  is  a  holy  purpose 
to  which  all  our  resources  must  be  fullv  consecrated. 


THE  TROOPS  OP  THE  AMERICAN  EXPEDITIONARY  FORCE  WHICH  MARCHED  THRU  LONDON  WERE  WATCHED  BY  KING  GEORGE 
AND  HIS  MOTHER.  OUEEN  ALEXANDRA,  WHO  ARE  SHOWN  AT  THE  EXTREME  RIGHT  OP  THIS  PHOTOGRAPH 
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SAFETY  FIRST  FOR  FOUNDRYMEN* 

By  ALEXANDER  E.  OUTERHRIDGE,  Jr.,  Metallurgist 
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MORE  than  ten  years  ago,  William  Sellers  &  Com- 
pany, Inc.,  manufacturers  of  machine  tools,  of 
Philadelphia,  Pa.,  recognizing  the  growing  need 
of  a  "  Safety  First "  campaign,  in  their  works,  for  the 
education  of  their  employes,  commenced  to  keep  syste- 
matic records  of  all  accidents  occurring  in  all  the  depart- 
ments. At  the  same  time  there  was  inaugurated  a  system, 
analogous  to  what  is  now  known,  in  some  large  establish- 
ments, as  a  "  Welfare  Department,"  the  main  purpose  of 
which  was  to  give  personal  attention  to  men  injured,  to 
visit  their  homes  and  look  to  the  welfare  of  their  families 
while  they  themselves  were  incapacitated  for  labor. 

Blank  forms  were  prepared  and  all  bosses  were  in- 
structed to  submit  brief  accounts  of  all  accidents  to  the 
superintendent  within  twenty-four  hours.    An  inspector 


FIG.  I.— EXPERIMENTS  CONDUCTED  IN  THE  SELLERS  FOUNDRY 


immediately  investigated  such  accidents  and  prompt  meas- 
ures were  taken  to  preclude  the  possibility  of  repetition 
thereof. 

A  detailed  summary  was  prepared  each  year,  showing 
the  number  of  accidents  and,  at  the  end  of  the  first  six 
years,  an  elaborate  compilation  was  made  giving  the  total 
number  of  accidents,  classified  under  different  headings, 
with  percentages  of  same  and  showing  the  proportion, 
per  hundred  employes,  of  such  accidents  each  year.  The 
knowledge  thus  gained  was  both  surprising  and  valuable. 
More  than  SO  per  cent,  of  all  the  accidents  were  shown  to 
have  been  clearly  preventable  by  the  exercise  of  ordinary 
care,  and  the  largest  single  cause  was  due,  not  to  operation 

•  Pennsylvania  Department  of  Labor  and  Industry  Monthly 
Bulletin.  October  1916.  Read  before  the  Philadelphia  Safety 
Council,  at  the  Engineers'  Oub,  March  25,  1918. 


of  machinery  at  all,  but  was  found  under  the  head  of 
"  falling  objects,"  being  almost  exactly  33  per  cent,  of 
the  total  number  of  accidents  during  the  six-year  period. 

The  immediate  result  of  the  information  thus  acquired 
was  the  preparation  of  a  circular  letter,  issued  to  the  fore- 
men, giving  instructions  regarding  their  responsibilities, 
as  well  as  those  of  their  men,  for  the  future  prevention 
of  such  accidents,  and  later  compilation  of  records  show 
gratifying  decrease  in  number  of  accidents  from  all  causes, 
per  hundred  employes,  since  commencement  of  the 
records.  This  decrease  is  due  partly  to  the  result  of  the 
campaign  of  education  which  has  been  persistently  carried 
out,  causing  a  new  spirit  of  caution  to  supplant  the 
former  one  that  prevailed  to  some  extent  of  "  taking 
chances,"  and  partly  to  the  complete  methods  adopted 
for  preventing  accidents  by  providing 
guards  for  gears  and  other  moving 
parts  of  machinery. 

The  six-year  compilation,  already 
alluded  to,  showed  that  the  largest 
cause  of  accidents  in  the  foundry  was 
due  to  "  bums  on  legs  and  feet  "  from 
molten  iron  splashed  from  ladles  or 
spurting  from  imperfectly  closed 
molds.  To  cite  a  single  case,  a  young 
married  man  who  had  worked  three 
days  only  in  this  foundry  spilled  some 
molten  iron  over  his  shoes,  which 
were  old  and  cracked,  causing  pain- 
ful burns  on  both  feet  Notwith- 
standing prompt  treatment  at  a  hos- 
pital, blood  poisoning  set  in  and  the 
man  was  incapacitated  for  many  weeks. 

Inquiries  were  immediately  sent  broadcast  for  any 
practicable  protectors  for  preventing  such  accidents. 
When  it  was  found  that  none  was  to  be  obtained,  experi- 
ments were  at  once  made  by  the  metallurgist  with  asbestos 
cloth  and  other  materials  with  some  surprising  results. 
Boards  about  one  foot  wide  and  two  feet  long  were 
placed  upright  at  an  angle  on  the  floor  of  the  foundry 
and  various  fabrics  tacked  upon  them.  Molten  iron  was 
then  dashed  (not  poured  continuously)  over  these  sur- 
faces. It  was  soon  found  that  closely  woven  smooth-faced 
fabrics  (though  combustible  when  exposed  to  a  candle 
flame)  shed  molten  iron  like  water  from  a  duck's  back. 
Even  a  sheet  of  paper  was  subjected  to  this  "  trial  by 
fire "  several  times  without  flaming.    It  was  at  once 

(Continued  on  Page  StZ) 
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OFFICERS  AND  DIRECTORS,  1918-1919 


Wai.tm  E.  I.riNr,  Pall  SrtNCtt  S.  M.  Swam 

Director -at-large  Dircctor-at -large  Dirertor-at -large 


COMMITTEE  ON  PAPERS 

LEWIS  H.  KENNEY,  Chairman 


The  Meeting  for  June  i8th,  1918,  announced  by  the  Committee  in  a  previous 
issue  of  the  Journal  has  been  cancelled,  with  the  approval  of  the  Board  of  Directors. 


REQUEST   FOR  SUGGESTIONS. 

The  Committee  requests,  that  the  members  of  the  Club  and  our 
Affiliated  Societies  volunteer  suggestions  as  to  subjects  of  papers  and 
speakers,  to  assist  the  Committee  in  preparing  a  schedule  of  papers  next 
year.  Such  information  would  greatly  assist  the  incoming  Committee  in 
preparing  its  program  in  accordance  with  the  desires  of  the  membership. 

Please  address  all  communications  to  the  Committee  on  Papers. 


AN  ACKNOWLEDGMENT 

The  present  number  of  The  Journal  completes  the 
year's  issue  under  the  direction  of  the  retiring  officers 
and  committees  and 

The  Publication  Committee 

desires  in  this  place  to  express  to  the  publishers 

J.  B.  LIPPINCOTT  COMPANY 

and  especially  to 
MISS  RAE  F.  VICKERS,  Committee  Secretary 

its  hearty  appreciation  and  recognition  of  their  pains- 
taking, efficient  and  generous  efforts  in  aiding  the 
Committee  at  all  times  in  the  performance  of  its  work. 
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SECRETARY'S  NOTICES 


CANCELLATION  OF  MEETING 

The  Regular  Meeting  of  the  Club  announced  for  June  18,  1918,  has  been  cancelled,  in  accord- 
ance with  the  action  of  the  Board  of  Directors  taken  at  their  meeting  of  May  14. 


ABSTRACT  OF  MINUTES  OF  THE  SPECIAL 
MEETING  OF  THE  CLUB. 

HELD  MONDAY  BVEHIHO.  APRIL  »,  IW,  AT  WITHERSPOOH  BALL 

The  meeting  was  called  to  order  at  8:15  p.m.  by 
Mr.  J.  F.  Stevens.  About  900  members  and  guests 
were  present. 

Dr.  Frederic  Poole  delivered  a  lecture  entitled  "  The 
Social,  Political  and  Industrial  Revolution  of  China," 
illustrated  with  colored  slides  and  motion  pictures. 

A  unanimous  vote  of  thanks  was  extended  to  the 
speaker. 

The  meeting  adjourned  at  10:30  p.m. 

ABSTRACT  OF  MINUTES  OF  THE  THIRTY- 
NINTH  ANNUAL  MEETING 

HELD  TUESDAY  EVEMHG,  KAY  21,  WIS,  AT  THE  CLUB  HOUSE 

The  meeting  was  called  to  order  at  8.15  p.m.,  by 
Mr.  John  C.  Trautwine,  Jr.  About  200  members  and 
guests  were  present. 

The  minutes  of  the  Joint  Meeting  of  the  Engineers' 
Club  and  the  Philadelphia  Section  of  the  A.  S.  M.  E. 
held  March  27,  and  of  the  Business  Meeting  of  the  Club 
held  April  16,  as  published  in  the  Journal,  were  approved. 

Mr.  J.  Franklin  Stevens  announced  that  he  had  pledged 
the  supfiorl  of  the  Engineers'  Club  of  Philadelphia  to  the 
local  section  of  the  National  Fuel  Committee  on  their  re- 
quest that  our  organization  give  them  assistance  in  the 
technical  examinations  of  the  j)owcr  plants  of  this  district. 

Announcement  was  made  of  the  fact  that  the  Annual 
Report  of  the  Board  of  Directors  had  been  published 
in  the  May  Journal  of  the  Club. 

The  Annual  Address  by  the  retiring  President,  Major 
J.  A.  Vogleson,  was  read  by  Mr.  Lewis  II.  Kenney, 
Chairman  of  the  Committee  on  Papers. 

Mr.  John  D.  Gill  (member)  presented  a  paper,  en- 
titled "  War  Status  of  Gasoline  and  Fuel  Oil,"  which  was 
discussed  by  Messrs.  Irish,  Stevens,  Trautwine,  Jr., 
Hoopes,  Gest  and  Hering. 

Messrs.  Alexander  P.  Gest  and  John  J.  Hoopes,  mem- 
bers of  the  Club  continuously  since  March  1,  1879,  and 
October  16,  1880,  respectively,  were  called  upon  to 
greet  those  present. 
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The  Tellers  presented  the  following  report : 
Mr.  President  and  Members  of 

The  Engineers'  Club  of  Philadelphia. 
Gkntlemen  : 

Your  Tellers  have  counted  the  votes  cast  for  the  elec- 
tion of  officers,  and  declare  that  248  legal  ballots  were  cast, 
at.ii  the  following  officers  elected : 


OFFICERS 
For  President 
(To  »erve  until  July  1,  1919)  VM„ 
J.  Franklin  Steven*    246 

For  Vice-President 
(  To  serve  until  July  1.  1921) 
Joseph  C.  Wagner    247 

For  Treasurer 
(To  serve  until  July  1,  1919) 
Lewis  II.  Kenney    246 

For  Directors-at-large 
(To  serve  until  July  1.  1919) 

W.  H.  Connell    242 

11.  P.  Gant    243 

Walter  F_  Long    243 

Paul  Spencer    243 

S.  M.  Swaab    245 

Respectfully  submitted, 


(  Gko.  E.  Crofoot, 
Tellers  }  John  P.  Mudd, 

I  Chas.  F.  Puff,  Jr. 
The  Chairman  declared  the  nominees  electee. 
The  meeting  adjourned  at  10.30  p.m. 

ABSTRACT  OF   MINUTES  OF  THE  REGULAR 
MEETING  OF  THE  BOARD  OF  DIRECTORS 

HELD  KAY  14.  1*18 

The  meeting  was  called  to  order  at  7.30  r.M..  with 
Vice-presidents  Yarnall  and  Eglin.  Directors  Fernald, 
Henderson,  Gant,  J.  C.  Wagner,  Kenney,  S.  T.  Wagner, 
Forstall,  Terrell,  Douglas.  Past  Presidents  Swaab.  Ledoux 
and  Carter,  Treasurer  Stevens,  and  Secretary  Stockly  in 
attendance.  Mr.  Dallett,  Chairman  of  the  Committee  on 
Life  Memberships,  was  also  present,  on  request.  I'resi- 
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dent  Voglcsoit,  Vice-president  Andrews,  Directors  Hay- 
ward,  Moody,  Ehle,  G.  \V.  Barr  and  R.  M.  Barr  were 
excused. 

The  minutes  of  the  Special  Meeting  of  April  11,  as 
issued  to  the  members  of  the  Board,  were  approved. 

REPORT  OF  THE  PRESIDENT 

In  accordance  with  authority  granted  at  the  April  1 1 
meeting,  Mr.  H.  F..  Hilts  has  been  appointed  a  delegate 
to  represent  the  Club  at  the  Annual  Convention  of  the 
American  Association  of  Engineers  to  be  held  in  Chicago, 
May  14,  1918.  and  to  submit  a  report  of  the  Convention. 

The  following  delegates  were  appointed  to  attend  the 
convention  of  the  League  to  Enforce  Peace,  held  in 
Philadelphia,  May  16  and  17: 

J.  W.  Ledoux 
W.  P.  Dallett 
S.  M.  Swaab 

REPORT  OF  THE  SECRETARY 

Announcement  is  made  of  the  death,  on  March  19, 
1918,  of  Mr.  Fred  L.  Brown,  Active  Member. 

The  following  representatives  have  been  appointed  by 
the  Technology  Club  on  our  Board  and  Committees : 

Board  of  Directors  Mr.  Herbert  A.  Terrell 

Meetings  Committee   Mr.  R.  E.  Page 

Public  Relations  Committee   Mr.  C.  J.  Walton 

To  date  one  hundred  and  eight  members  in  the  active 
service  of  the  Government  have  applied  for  remission  of 
their  annual  dues. 

Resignations  from  the  following  members  were 
presented  and  accepted  as  of  April  1,  1918: 

C.  Edwin  Bartlett  John  P.  Flood 

H.  S.  Barton  William  J.  Gray 

Harold  S.  Bell  Justice  Grugan 

Albert  J.  Blair  Douglas  W.  Haire 

G.  p.  Blessing  A.  L.  Hamma 
Chester  E.  Boiler  Lewis  H.  Haunt 
Ernest  l„  Bossinger  Robert  D.  Hawkins 
Robert  M.  Briner  G.  Roscoe  Heap 
James  II.  Browne  E.  K.  Hcering 
Joseph  Cauffman  Abraham  Henwood 
Louis  J.  Costa  Wm.  F.  Hudson 
James  11.  Costello  F.  P.  Jones,  Jr. 
Jrilm  S.  Crandell  Robert  B.  Krauss 
K.  Currier  Ralph  J.  Lawrence 

Albert  W.  Deininger  Thomas  P.  McCutcheon,  Jr. 

H.  K.  Deininger  J.  F.  McGarity,  Jr. 
William  D.  Eastwood  A.  C.  Merrill 

Wm.  J.  Finley  M.  G.  Moore 


M.  L.  Mosher 
Richard  C.  Newbold 
B.  A.  Owen 
Alfred  G.  Patton 
T.  B.  Preston 
Chas.  A.  Psilander 
Unit  Rasin 
Arthur  J.  Rowland 
Percy  L.  Reed 
H.  H.  Roberts 
M.  H.  Rodda 


Elmer  P.  Rust 
E.  E.  Sagendorph 
Joseph  D.  Seaman 
L.  C.  Schneider 
Edw.  A.  Shallcross 
George  H.  Stier 
C.  C.  Tutwilcr 
Win.  Uxelmeier 
Louis  B.  Walters 
Henry  R.  Walton 
Stafford  R.  Webb 
Samuel  T.  Wilson 


Thru  an  error  which  was  ordered  corrected,  the  name 
of  Mr.  George  B.  Taylor  appeared  with  the  list  of 
resignations  accepted  at  the  April  11  Board  meeting. 

A  letter  has  been  received  from  the  Secretary  of  the 
National  Conference  on  City  Planning,  inviting  the  Club's 
representation  at  the  National  Conference  to  be  held  in 
St.  Louis,  Mo.,  May  27  to  29,  1918,  and  the  Presi- 
dent was  authorized  to  appoint  a  delegate  to  attend  the 
Conference. 

REPORT  Or  TBS  TREASURER 

The  Treasurer  presented  a  report  which  was  accepted. 

REPORT  OF  THE  COMMITTEE  OH  MEMBERSHIP 

The  Committee  presented  a  report,  and  the  following 
were  elected : 

To  Active  Membership : 

William  D.  Appleton 
Frederick  P.  Bushnell 
Charles  E.  Fisher 
Thomas  I.  Goslin 
Robert  R.  EUey 

To  Junior  Membership : 

Alfred  K.  Althouse 
George  K.  Coleman 


Sedlcy  H.  Phinney 
David  E.  Smiley 
Horace  Tomlinson 
Edwin  T.  Wolf 
Benjamin  B.  Wood 


George  A.  Doyle 
Frank  W.  Miller,  Jr. 


COMMITTEE  OH  C0HSERVATIOH  OF  FUEL 

The  Committee  reported  that  plans  were  in  progress 
by  the  State  Fuel  Administration  for  a  more  rigid  con- 
servation of  fuel  during  the  coming  winter,  and  that 
they  would  count  on  the  cooperation  of  engineers  in 
solving  the  problem. 

The  meeting  adjourned  at  8.55  v. si. 

H.  A.  Stockly, 
Secretary. 


POSITIONS  WANTED 

Graduate  mechanical  engineer  with  5' j  years'  experience  experience  in  power  plant  and  building  construction  and  manu- 
as  works  engineer,  and  resident  engineer  on  the  manufacture  facturc  of  metallic  building  equipment,  desires  to  locate  with 
of  high  explosives  and  acids.  Apply  Engineers'  Club,  Ko.  208.  manufacturer  of  engineering  or  building  equipment  spe- 
cialities, preferable  with  sales  department.    Apply  Engineers' 

Technical  graduate  in  mechanical  engineering.  12  years'     Club.  No.  210. 

ENGINEERS'     CLUB     OP     PHILADELPHIA  305 


Digitized  by  Google 


gmiiiniiMiiiiiiniiii 


iimiiiiuiiiiiiniitHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


COMMITTEE  ON  MEMBERSHIP 

D.  ROBERT  YARNALL,  Chairman 


CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  June  10  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club,  Philadelphia."  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

JAMBS  C.  CALEBAUGH 

1S03  Columbia  Avenue,  Philadelphia,  Pa. 


EDWARD  WOODBURY 

Central  Y.M.C.A.,  Philadelphia,  Pa- 


Marine  Electrical  Engineer,  American  International  Shipbuilding 
Manufacturing-  Carbon   Products.  Calebaugh  Self-Lubricating  Pro£«d\y Tp"  Livc'r'sidge  and  II.  F.  Sanville. 
Proposed  by  G.  A.  Pierce  and  GrorRc  M.  Spear. 

FOR  ELECTION  TO  JUNIOR  MEMBERSHIP 

GUY  S.  ELMORE 

Swarthmore,  Pa.  HOWARD  frahcis  COLLIHS 

1038  S.  Fifty-fifth  Street,  Philadelphia.  Pa. 

Engineer  Coal  and  Ore  Preparation.  Manufacturer  of  Mining 

Machinery.  Assistant  Manager,  Heating  and  Power  Piping  Dept..  Globe 

Proposed  by  H.  M.  Chance  and  T.  M.  Chance.  Automatic  Sprinkler  Co. 

Proposed  by  Harry  W.  Payne  and  George  W.  Baker. 

HARRY  ARCHER  HORN OR 

Hamilton  Court.  Thirty-ninth  and  Chestnut  Streets.  Philadelphia,  XBRHBTH  WARREH  HBIHRICH 

p^  5031  Chestnut  Street,  Philadelphia,  Pa. 

Electrical  Expert  for  Emergency  Fleet,  New  York  Shipbuilding     Steam  Engineer  Assistant,  Philadelphia  Navy  Yard. 

Co. 

Proposed  by  William  F.  James  and  H.  Goodwin,  Jr. 

GILBERT  C.  LAMB 

921  Witherspoon  Building.  Philadelphia,  Pa. 

Electrical  Engineer,  The  American  Railway*  Co. 
Proposed  by  L.  R.  Lewis  and  H.  P.  Gant. 

RICHARD  V.  MATTISOK 

Ambler.  Pa. 

Vice  President  and  General  Manager,  Keasbcj  Matti*on  Co. 
Proposed  by  Charles  E.  Bonine  and  H.  F.  Sanville. 


GEORGE  H.  MORGAN 

IS  VV.  Phil-Ellcna  Street,  Germantown.  Philadelphia,  Pa. 

Secretary,  E.  F.  Houghton  &  Co. 

Proposed  by  R.  H.  Horton  and  Lewis  H.  MacLaughlin. 

WILLIAM  WILCOX 

1009  Commercial  Trust  Huildinjr.  Philadelphia.  Pa. 

District  Engineer.  Whitlock  Coil  Pipe  Co. 
Proposed  by  Thornton  Lewis  and  C.  V.  Haynrs. 


Proposed  by  H.  T.  McGaughan,  J.  L  Conens  and  L  H.  Kenney. 

ADAM  0.  HILTOK 

1921  S.  Fifty-seventh  Street,  Philadelphia,  Pa. 

Inspector  of  Airplanes  and  Airplane  Engines,  War  Department 

Equipment  Division,  Signal  Corps,  U.S.A. 
Proposed  by  Hugh  Lesley  and  Wistar  E.  Patterson. 

LB  ROY  HILYARD 

5722  Willows  Avenue,  Philadelphia,  Pa. 

Plant  Engineer,  Tioga  Steel  and  Iron  Company. 
Proposed  by  Lewis  H.  Kenney  and  W.  M.  Boehm. 

EDWARD  MICHAEL  MURPHY 

1635  N.  Fifteenth  Street.  Philadelphia,  Pa. 

Draftsman,  Scientific  Dept.,  Cramps  Shipyard. 
Proposed  by  H.  T.  McGaughan  and  J.  L  Cozzcns. 

bek;amik  atwood  sxirrer 

1808  Chestnut  Street,  Philadelphia.  Pa 

Architect — Draftsman,  United  States  Government,  Navy  Yard, 

Philadelphia,  Pa. 
Proposed  by  Lewis  H.  Kenney  and  W.  M.  Boehm. 
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the  last 

.INCOL.N. 


"  From  these  honored  dead  we  take  increased  devotion  to  that  cause  for  which  they  gave 
full  measure  of  devotion;  these  dead  shall  not  have  died  in  ram."— Abraham  Lincol; 

Barker,  Edward  Williams,  Sergeant . . .    Died  March  17,  1918,  Camp  Meade,  Admiral,  Md. 


MEMBERS  OF  ENGINEERS'  CLUB  WHO  HAVE  BEEN  CALLED  LXTO  SERVICE 
IN  THE  ARMY  OR  NAVY  OF  THE  UNITED  STATES  AS  OF  MAY  25,  1018 

NAME  RANK  CORPS  LOCATION 

Alorich.  J.  T  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Allen,  H.  Butler  Lieutenant  U.  S.  Ordnance  Department  American  Expeditionary  Forces,  via  New  York 

Allen,  J.  G  Co.  12  Infantry,  Reserve  Officers'  Training  Camp   Fort  Oglethorpe,  Ga. 

Anders,  D.  W  Major  Company  D,  S02nd  Engineers  American  Expeditionary  Forces,  France 

Awn....  t  u  \<                    •                                 ^           n  n  f  Commdg.  Officer,  Raritan  River  Ordnance 

Andrews,  J.  H.  M  Major  Ordnance  R.  C  |  « Depot,  Metuchen,  N.J. 

Aspldndtb,  E.  T  Captain   103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

ArrERBURY,  W.  W.  ...  Brigadier-General  Director-General  of  Railways   France 

Barer.  W.  D  2nd  Lieutenant  Aviation  Corps  France 

Banister.  E.  S  .Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Barnes,  H.  P  {  Maoist .^e^nXgy Cambridge,  Mas,. 

Barnes,  F.B  {etJK^i} {H^26\hEngint^fmCnt}-  -    American  Expeditionary  Forces,  via  New  York 

Bassett.  F.  H.,  Jr  Officers'  Training  School  Camp  Meade,  Md. 

Bear.  H.  K  Lieutenant   Gas  Defense  Service  Camp  Greenleaf.  Ft.  Oglethorpe,  Ga. 

Bell.  Franc  F  1st  Lieutenant   Signal  Corps.  Aviation  Section  Gerstner  Field.  Lake  Charles,  Louisiana 

Bescherer.  P  2nd  Lieutenant  319th  Heavy  Artillery  Camp  Gordon.  Ga. 

Betcs,  A.  J  1   111th  Infantry   Camp  Hancock,  Augusta,  Ga. 

Biester.  W.  H..  Jr  Corporal  "Co.  E."  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Bishop,  A.  B  U.  S.  Radio  School  College  Park,  Md. 

Boot,  H.  C.  -  Colonel     In  Charge  of  Construction  of  Railroads.  Wharves,  etc  Amcr.  Exped.  Forces,  via  New  York 

Borresbn,  W.  Y  315th  Infantry  Camp  Meade,  Admiral,  Md. 

Boro,  F.  F  (_  Lieutenant    j  jj  g  Nava]  Regerve  porcc  ..Submarine  Base,  New  London,  Conn. 

I  engineer  umcerj 

Botd.  G  1st  Sergeant  Overseas  Repair  Section  No.  1    Gas  Defense  Service,  Medical  Corps 

Bradford,  J.  S   Major   103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Bradt,  Morris  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Bransomb,  E.  D  Ensign  Naval  Air  Service  Naval  Station,  Pensacola,  Fla. 

«,CC  Corporal  103rd  Engineers  Camp  Hancock,  Augusta.  Ga. 

*,  J.  W  Captain   Engineer  Officers'  Reserve  Corps  ...  American  Expeditionary  Forces,  via  New  York 

,  P.C..  Jr  2nd  Lieutenant  307th  Engineers  Camp  Gordon,  Atlanta,  Ga. 

Brjnton,  J.  W  Lieutenant  Quartermaster  Officers'  Reserve  Depot  Quartermaster.  Baltimore,  Md. 

Britten.  D.  L  Captain  Ordnance  Officers'  Reserve  Corps.. Inspector  of  Ordnance.  Haddon  Apts.,  Cleveland,  O. 

Broadbeao,  Alex   19th  Reserve  Engineers  American  Expeditionary  Force*,  via  New  York 

BeoDF.RicK,  D.  F  Major  Ordnance  Officers' Reserve  Corps  Rock  Island  Arsenal,  Rockland,  III. 

Brown,  J.  A   Major   Ordnance  Officers'  Reserve  Corps  Smithlown.  L.  I.,  New  York 

n_„_.„  Kt  o                     »»  •                                ¥»  -i       r.    -  /      American  Expeditionary  Forces, 

Brown.  N.  F   Major  Railway  Engineers  Brigadier^Jeneral  W.  W.  Atterbury 

Brown,  P.  D  19th  Reserve  Engineers   American  Expeditionary  Forces,  via  New  York 

Brown.  R.  V  Lieutenant  Q.  M.  C.  304  Divisional  Trains  Camp  Meade.  Admiral.  Md. 

Brown.  W.  F  2nd  Lieutenant  462nd  Co.  (Motorcycles).  N.  A  Fort  Myer.  Va. 

Brown.  W.  L  Lieutenant  Winchester  Repeating  Arms  Co  New  Haven,  Conn. 

Bryant,  CM   Naval  Coast  Defense   Philadelphia  Navy  Yard 

Butler,  E.  N  1st  Lieutenant  103rd  Engineers  Camp  Hancock,  Augusta.  Ga. 

Caccavajo,  Jos  Major  Engineer  Officers'  Reserve  Corps  Prance 

Cahill.  E.  H  Carriage  Division.  F.  A.  Section  Washington,  D.  C. 

Carney,  R.  E   {  ^  (ER«i'red)'  }   Peari  Harbor  Naval  Station  - Hawaii 

Chance.  T.  M  Captain  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Child*,  H.  P  1st  Lieutenant  23rd  Engineers  American  Expeditionary  Forces.  France 

Clark.  J.  W   Russian  Railway  Service   Nagasaki,  Japan 

Clerlanr.  R  Cadet  Engineer  S.  S.  Ncuse  Care  U.  S.  Shipping  Board 


ENGINEERS'     CLUB     OF     PHILADELPHIA  307 


Digitized  by  kjOOQle 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


Coi.gan,  R.  J  Captain  1 1th  Ri  -im  n:  E^iiR-crs  Care  of  Adjutant-Gen'l,  Washington,  D.  C. 

,,_.,„  ,,„,„',,„  n  nt.  j  Ordnance  Officers'  Rts.  rv,-  Corps)  f  Office,  Chief  of  Ordnance 

Craig,  Coulter  Captain  j  Supplv  l>ivjS;„n  (  \     Washington.  D.  C. 

Crampton,  G.  S.    Major   Director  of  !•'» A "i  Hospitals,  28th  Div   Camp  Hancoclc,  Augusta,  Ga. 

Crowther.  E.  C  1st  Sergeant  Ba*>-  H-sjiituI  No.  38  Second  Regiment.  X.  G.  P.,  Armory.  Philadelphia 

Cuming*.  C.  A  Captain  Quartermaster  Officers'  Reserve   Ft.  Sam  Houston,  Texas 

Custer,  E.  A  Major  Ordnance  Officers'  Reserve  Corps  Chamber  of  Commerce  Bldg..  Pittsburgh.  Pa. 

Cutler.  James  B  2nd  Lieutenant  319th  P.  A.  R.  C.  Camp  Gordon,  Ga. 

Darlington.  I.  G  1st  Lieutenant  Gun  Section.  Production  Division  Washington,  D.  C. 

Day,  R.  F  2nd  Lieutenant  Aviation  Corps  3rd  Squadron.  Ellington  Flying  Field,  Houston.  Texas 

Dkruy.  C.  F  Captain  Ordnance  Officers'  Reserve  Corps    Camp  Lee.  Petersburg.  Va. 

Dill.  CM  First  Battery,  Reserve  Officers'  Training  Camp  _.  Camp  Lcc.  Petersburg.  Va. 

Donnei.lv,  J.  B  1st  Lieutenant  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Doyls,  T.  H.  2nd  Lieutenant  U.  S.  Quartermaster's  Corps     -  Overseas  Service 

Dunlaf,  V.  R  Lieutenant  (Jr.)  Ass't  Civil  Engineer,  U.  S.  N  Xaval  Air  Station.  Pensacola.  Fla. 

Dunn,  M.  L  Ensign   "U.  S.  S.  Connecticut"  Care  Postmaster.  N.  Y. 

•Dyson.  C.  W.  Rear  Admiral  Bureau  of  Steam  Engineering,  U.  S.  N.   Washington.  D.  C. 

EcKHAitDT.  J  Corporal  10th  Regiment.  3rd  Training  Battalion  Camp  Meade.  Md. 

BccocE,  Chas  1st  Lieutenant  103rd  Engineers  Camp  Hancock.  Augusta.  Ga. 

Fabr,  Roy  S  ..2nd  Lieutenant   301st  Engineers"  Train  Camp  Devens.  Ayer.  Mass. 

Faust,  W.  D  103rd  Engineers  Camp  Hancock,  Augusta,  Ga. 

Psnton.  Powell  Aviation  Corps  .....France 

Pbureb.  D.  S  Engineer  Officer  ..  Aviation  Section.  Signal  Corps  ..M.  I.  T.  School  of  Military  Aeronautics.  Cambridge.  Mass. 

Filbert,  C.  B  Captain    4lst  Engineers     American  Expeditionary  Forces.  France 

Pish,  W.  N  1st  Lieutenant  Ordnance  Reserve  Corps   Aberdeen  Proving  Ground,  Maryland 

P— "'  A-  0 Opt*  {qu.^^C^S.  a) Washington.  D.  C 

Fhank.  A  Corporal  E^p^^^AT^} Fort  Foot<''  Mar>laad 

Pulwbilbr,  J.  E  Lieutenant  Naval  Coast  Defense  American  Expeditionary  Forces,  via  New  York 

G ailing,  H.  W..  Jr  Private  Marine  Corps  (Aviation)   Philadelphia  Navy  Yard 

Gallagher,  L.  B  2nd  Lieutenant  Railway  Trans.  Dept.,  U.  S.  A  P.  O.  717,  American  Expeditionary  Forces,  Prance 

Gardiner.  P.  M  Lieutenant  U.  S.  Naval  Reserve  Corps..  Naval  Training  Base,  Cape  May,  N.J. 

Garforth,  Kxra   2nd  Lieutenant  23rd  Regiment,  Highway  Engineers      American  Expeditionary  Forces,  via  New  York 

Gaum,  Carl  G  1st  Lieutenant  23rd  Regiment.  Highway  Engineers  ...American  Expeditionary  Forces,  via  New  York 

Gautkier,  Jordan  2nd  Lieutenant  56th  Engineers  Washington,  D.  C 

Gest,  J.  B..  2nd  2nd  Lieutenant  Engineer  Officers'  Reserve  Corps  .  ..American  Expeditionary  Forces,  via  New  York 

Getz,  Ralfh  P  2nd  Lieutenant  32nd  Engineers  Camp  Grant.  111. 

Gilbert,  W.  T  21st  Railway  Engineers  American  Expeditionary  Forces,  via  New  York 

Gat  am,  W.  H.,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Golbsmitb,  H.  F  Naval  Aviation  Training  School  Cambridge.  Mats. 

GOOOW.N.  H..  J.  Lieutenant   U.  S.  Naval  Reserve  Force  {f™  £  ^.^J^t 

Gracby,  A.  L  Private  Advance  Ordnance  Depot  No.  4  American  Expeditionary  Forces,  via  New  York 

Graham,  W.  R.  1st  Lieutenant  {  Sig^  o'ffi^r^Reserve Aviation  Mob.  Camp.  Camp  Sevier.  Greenville 

Geavell,  W.  H  Captain  Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces,  via  New  York 

Gray,  B.  D  Major  Signal  Corps.  U.  S.  A   Adams  Bldg.,  Washington,  D.  C. 

Gridbrl,  W.  G  Captain  30th  Engineers,  Gas  &  Flame  Division  ...American  Expeditionary  Forces,  via  New  York 

•Griffin,  R.  S  Rear  Admiral  .  Eng.  in  Chief,  U.  S.  N.  Bur.  of  Steam  Engineering  Washington.  D.  C. 

Grossman,  P.  R  Private  G.  H.  Q.  Amer.  Expeditionary  Forces   U.  S.  M.  P.  O.  No.  706,  France 

Gwiluam.  Mare  R.  M  Captain  21st  TJ.  S.  Infantry  San  Diego,  Calif. 

Hall.  W.  A  Lieutenant  Naval  Coast  Defense  American  Expeditionary  Forces,  via  New  York 

Hamilton,  H.  A  1st  Lieutenant  Engineer  Officers'  Reserve  Corps   

Harding,  R.  L  1st  Lieutenant  Co.  "F,"  32nd  Engineers    ...Camp  Grant,  Rockford.  Illinois 

Harkowbr,  R.  A.      American  Red  Cross  Ambulance  Corps    France 

Hart,  R.  P.,  2nd   Lieutenant  44th  Enginevrs_     _  Ft.  Benjamin  Harrison,  Ind. 

Hathaway,  H.  K  Lieut. -Colonel  Ordnance  N.  A  Washington,  D.  C. 

Haydock,  Roger  1st  Lieutenant   Engineer  Officers'  Reserve  Corps   Washington  Barracks,  D.  C. 

Hegbr,  J  Lieutenant  Engineers'  Depot  Washington,  D.C. 

Henderson,  S.  D  Private   304th  Engineers  Camp  Meade,  Admiral.  Md 

Henry,  J.  C  Headquarters  Dep't  19th  Reserve  Engineers  Amer.  Exp.  Forces,  via  New  York 

Hethsrinoton,  S.  C  Lieutenant  315th  Infantry    Camp  Meade.  Admiral,  Md. 

Hiceey,  Y  Second  Lieutenant  Infantry  Charlotte.  G». 

HoLLBNBACC.  E.  B  Major  109th  Infantry  Camp  Hancock.  Augusta,  Ga. 

Holustbr,  C.J  1st  Lieutenant  Dental  Corps,  28th  Division  Camp  Hancock,  Augusta,  Ga. 

Houwbn,  W.  p  CM.  A.  A  United  States  Navy  Air  Station  Cape  May.  N.J. 

Hulmb,  Norman  1st  Lieutenant  458th  Truck  Co  Fort  Myer,  V». 

Hunter,  N.  R  2nd  Lieutenant  47th  Engineers.    Camp  Sheridan. Als- 

Hylanp.  G.  N  2nd  Lieutenant  Aviation  Concentration  Camp  Camp  Dick,  Dallas.  Ten* 

Jaques,  J.  D  Lieutenant  U.  S.  N.  R.  F.,  Public  Works  Dept  Navy  Yurd.  Boston.  Mass. 

John,  R.  R  Officers'  Training  School  for  Coast  Artillery  Fortress  Monroe.  Va. 
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Jonbs.  Jonathan   Captain  23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

KtNNBDY.  J.  H  Aviation  Section.  Signal  Corps  American  Expeditionary  Forces,  via  New  York 

Ktsi,  S.  I-.,  Jr  2nd  Lieutenant   34ih  Engineers  Camp  Dix,  N.  J. 

Km*.  F.  X  Lieutenant  23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Rleiv,  A.  C  Lieutenant  Production  Section,  Gun  Division  Office,  Chief  of  Ordnance,  Washington,  D.  C. 

ICnbass.  E  Ensign  U.  S.  Submarine  Base  New  London,  Conn. 

Ksicbt,  C.  C,  Jr  Lieutenant  318th  Field  Artillery,  N.  A  Camp  Jackson,  S.  C. 

Koellr,  W.  F.  B  Sergeant  Signal  Corps  Washington,  D.  C. 

k'.Af5,  P.  T  Sergeant  { &  ''Da2^Sj1'tllion}  Amer.  Exp.  Forces,  via  New  York 

Lavertv,  C.  R.   Co.  "  F,"  305th  Engineers...  ._  Camp  Lee,  Va. 

Lawrbxce,  G.  E  Lieutenant  J.  G  U.  S.  Naval  Res.  Force. -U.  S.  S.  "Nokomis."  European  Waters,  care  Postmaster,  N.  Y. 

Lawson,  T.  W  1st  Lieutenant  109th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Lea,  E.  S._   Major..   Artillery  Ammunition  Division  Frankford  Arsenal 

Levis',  J  2nd  Lieutenant  Coast  Artillery  Reserve  Corps  Fort  Hancock.  N.  J. 

Loeb.A.  H.   ...              _  (  lS4th  Depot  Brigade \  Camp  Meade,  Admiral  Md. 

'     t     1st  Detachment    J -wrap  wowe,  nunwii,  wu, 

Ltxch.  N.  H  'F"Co..  6th  U.  S.  Engineers  American  Expeditionary  Forces,  France 

MacGarricle,  G.  L  Private  Company  "  B."  103rd  Engineers  Camp  Hancock.  Augusta,  Ga. 

Magbb.  J.  W  1st  Lieutenant  446th  Engineers'  Pontoon  Train  Washington  Barracks.  D.  C. 

Makas,  J.  II  {U'RadiT&-1hSirPS} - " Columbia  University,  New  York  City 

Mallon,  G.  J  Lieutenant  {Jr.)  U.  S.  Naval  Reserve  Force  U.S.  S.  "Mt.  Vernon,"  care  of  Postmaster.  N.  Y. 

Maltby.  P.  B  Major  Engineer  Officers'  Reserve  Corps  ...Army  Building,  New  York 

L  u- s         F°-  I  s^SS^SS^SSS^ 

Martin,  T.  S.,  3bd  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps   Washington.  D.  C. 

Mayburry,  W.  G.,  Jr  Lieutenant  334th  Field  Artillery,  National  Army  Camp  Pike.  Ark. 

McCacsland,  J.  R....  {  Ms^„"r^>radrr} U.  S.  Post  Office  701.  R.  T.  0.,  American  Expeditionary  Forces,  France 

McCUktocs,  J.  L  U.  S.  Navy  Radio  Station  Atlantic  City,  N.  J. 

McCord,  J.  B...  Lieutenant-Colonel   Ordnance  N.  A  American  Expeditionary  Forces,  France 

McCormick,  J.  C  1st  Lieutenant  Engineer  Officers'  Reserve  Corps   Amer.  Exp.  Forces,  via  New  York 

McCoy,  J.  F   2nd  Lieutenant..   Aviation  Section,  Signal  Corps    

McGarriglb,  J.  J  1st  Lieutenant  Anti-Aircraft,  Artillery  C.  A.  C  American  Expeditionary  Forces,  France 

McMillan.  H.  L...  Major  Engineers   Camp  Humphrey,  Va. 

Millar,  E.  A.,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Camp  Hancock.  Augusta,  Ga. 

Mohr.  C.  F.  Private  Co.  "B,"  45th  Engineers  Camp  Humphrey,  Va. 

Moody.  Wm.  M  Reserve  Officers*  Training  Camp  Port  Oglethorpe,  Ga. 

Moon,  T.  E._  Corporal  119th  Ordnance  Depot  Co  Camp  Hancock,  Augusta.  Ga. 

Moran,  J.  B  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Mur?uy,  H.  C  —  Ensign.  U.  S.  Navy   Room  6030,  New  Interior  BIdg.,  Washington,  D.  C. 

Meyers.  W.  C  Captain  Ordnance  Officers'  Reserve  ..Inspection  D'vision{|^t^ar£aStee'  Car  Co- 

Myers,  W.  T  2nd  Lieutenant  16th  U.  S.  Cavalry  Mercedes,  Texas 

Newum,  E.  M  1st  Lieutenant  312  Machine  Gun  Battalion  Camp  Meade,  Admiral,  Md. 

Nbwlin,  J.  C  Major..  Engineer  Officers'  Reserve  Corps  Amer.  Embassy,  London, care  of  Vice- Admiral  Sims 

Nixon-Miu.br,  M  Captain  Company  "B,"  501st  Engineers     Prance 

Noybj,  S.  H.  1st  Lieutenant  1st  Aero  Squadron    Columbus,  N.  M. 

*0axbs,  J.  C   Colonel   .113th  Engineers  Camp  Shelby,  Hatliesbttrg,  Miss. 

Orb,  M.  W  First  Battery,  Officers'  Training  School  Camp  Meade,  Md. 

•Orwiu,  Curtis  W   Colonel   .319th  Engineers  Camp  Fremont,  Palo  Alto,  Cel. 

Pacmr,  H.  M  1st  Lieutenant  Park  Aviation  Field  Millington,  Tenn. 

Ferry,  Edward   Sergeant  Motor  Truck  Company  No.  339  Camp  Lee,  Petersburg,  Va. 

HnuuM.  J.  M  Co.  "G,"  316th  Infantry  Camp  Meade.  Admiral,  Md. 

Peters,  B.  T  Chief  Yeoman  Naval  Coast  Defease  Dept.  Public  Works,  Philadelphia  Navy  Yard 

PrsrFKR.  H.  W  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Bethlehem.  Pa 

Pibscb,  D.  T  American  Red  Cross  France 

Pus,  Clayton  W   Major..  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Puchett,  P.  B  103rd  Trench  Mortar  Battery  Camp  Hancock,  Augusta,  Ga. 

Princr,  H.  W  Squadron  80  Camp  Eimerman,  Port  Worth,  Texas 

Pogh,  M.  R  Major  21st  Engineers  American  Expeditionary  Forces,  via  New  York 

Rawcuffb,  J.  F.  B  Lieutenant  79th  Field  Artillery  Houston,  Texas 

Raynsford.  C  0  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Rsed,  R.  W  Private   19th  Reserve  Engineers  American  Expeditionary  Porces,  via  New  York 


THOM*» C"**" O**™*  OIW  Ro*™  <*» {  Walter  ScilTtompi^^fleld.  N.  J. 

Reeder,  W.  C  Major  ...Ordnance  Officers' Reserve  Corps  Washington,  D.  C. 

Rbxingkr,  H.  A  —  Major  Headquarters,  103rd  Ammunition  Train,  28th  Div  Camp  Hancock,  Augusta.  Ga. 

Ridgr,  R.  S  Sergeant  23rd  Engineers  Camp  Meade,  Admiral,  Md. 

Ridgway,  J.  J   1st  Lieutenant  Co.  "P,"  318th  Infantry  Camp  Lee,  Petersburg.  Va. 

Ritchie,  J.  M  Captain  Quartermaster  Officers'  Reserve  Washington,  D.  C. 

.  C.  B  Private  201st  Aero  Squadron  12  W.  95th  St..  New  York  City 
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Rogers,  J.  I   Lieutenant.  United  States  Naval  Reserve  Force  {  pJJ^ite, jftj^  M^mcf  Va. 

Roof,  J.  C  Captain  17th  Engineers  France 

Roth.  P.  E  1st  Sergeant  Utilities  Department,  Quartermaster's  Corps  Camp  Meade,  Admiral,  Md. 

Russell,  J.  A  Lieutenant...  311th  Engineers  Camp  Grant,  Rockford.  III. 

Samvillb,  L.  P  Private  108th  Field  Artillery,  Penna.  Troops  Carjp  Hancock,  Augusta,  Ga. 


Satterwhitb.  R.  L..  Jr  Company  20.  Naval  Aviation  Detachment  |Nlassachusrt^Scj^>l^ofTechnology 

Sautes.  W.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Washington,  D.  C. 

{Aeronautical ) 
Mechanical  V  Signal  Corps,  U.  S.  A  Lindsey  Bld'g.  Dayton,  Ohio 
Engineer  J 

Schoch,  J.  B  ..Lieutenant  109th  U.  S.  Infantry  Camp  Hancock.  Augusta.  G». 

Schoff,  A.  L   1st  Lieutenant  Signal  Corps,  Land  Division     Fort  Worth,  Texas 

Schweglbr,  O.  F  Reserve  Officers'  Training  Camp  -  Portress  Monroe.  Vs. 

Schweiz.br,  H.  W  Gas  Defense  Service.  Med.  Dept.,  U.  S.  A  Washington,  D.  C. 

Scull,  A.  H  Lieutenant  Railroad  Transportation  Corps  American  Expeditionary  Forces,  via  New  York 

Shallcross,  J.  B..  Lieutenant..  Officers"  Reserve  Corps   1916  G  St.,  N.  W.,  Washington,  D.  C. 

She  ah  an,  J.  C  2nd  Lieutenant  Co.  11,  Section  B,  Bldg.  6  Camp  Jos.  E.  Johnston,  Jacksonville,  Pla. 

Shuster,  W.  H.,  Jr  Lieutenant  314th  Infantry  Camp  Meade,  Md. 

S*>TH.  A.  H  Sergeant  {  Q^erm2^C«?.  }  Barr*cks  B  ,W'  Camp  Meade«  Admira!'  Md 

*3mitu.  W.  S  Rear  Admiral  Navy  Department Special  Duty.  Naval  Consulting  Board.  Washington.  D.  C. 

Smith.  X.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  The  Remington  Arms  W.  M.  C.  Co.,  Ilion,  N.Y. 

Spaceman.  H.  S  Major  Engineer  Officers'  Reserve  Overseas  Service 

Spillan,  J.  J.  D  Sergeant  Hq.  S3,  Brig.  F.  A  Camp  Hancock,  Augusta.  Ga. 

St.  John,  Everett  1st  Lieutenant  Coast  Artillery  Reserve  Corps   Port  duPont.  Delaware 

•Tawsesby.  J.  G.  Naval  Constructor  ..Navy  Department  Construction  Officer,  Philadelphia  Navy  Yard 

Taylor,  H  Major  304th  Regiment  Engineers  Camp  Meade,  Admiral,  Md. 

Teacher,  C.  F..  Jr  1st  Lieutenant  Engineer  Officers'  Training  Camp    

Thacher,  C.  H  2nd  Lieutenant  Engineer  Officers'  Training  Camp  Belvoir.  Va. 

•Thomas,  R.  S  Colonel  22nd  Engineers  Camp  Sheridan,  Montgomery,  Ala. 

*,  H.  A  1st  Sergeant  Penna.  Quartermaster's  Corps  Camp  Hancock,  Augusta  Ga. 

S,  A.  W   Corporal  Ordnance  Detachment  "B"   Gunpowder  Reservation,  Edge  wood,  M«i. 

Tillsok,  P.  E  Lieutenant  United  States  Naval  Reserve  Force  U.  S.  S.  "Maine" 

Truhan,  L.  J  Reserve  Officers'  Barracks  "B."  Room  No.  373  Naval  Academy.  Annapolis.  Md. 

Uhler,  W.  D  Major  Quartermaster  Corps,  N.  A  -.  Washington,  D.  C. 

Vauclain.  A.  C  Major  Ordnance  Officers'  Reserve  Corps   Watertown  Arscn.il 

Vaughan,  D.  L  Captain  Quartermaster's  Corps  N.  A  ..Camp  Logan,  Houston,  Texa* 

Voglbsox,  J.  A  Major  Sanitary  Corps,  N.  A  Camp  Joseph  E.  Johnston,  Jacksonville,  Fit. 

Ward,  R.  C  Captain  Coast  Artillery  Fort  Grebte,  R.  I. 

Warfbl,  A.  C  2nd  Lieutenant  35Ui  Regiment  Engineers  American  Expeditionary  Forces  via  New  York 

Waicpbl,  J.  P  Senior  Lieutenant  ...U.  S.  Naval  Reserve  Force  Machinery  Division.  Philadelphia  Navy  Yard 

Watsok.  G.  L  Captain  Engineer  Officers'  Reserve  Corps  

Wbbb,  Walter  Luring  Major  Engineer  Officers'  Reserve  Corps  France 


Weikstkb  F  t                                                /    Reconstruction  Relief  Work    \  _ 
Webster,  E.  L. .   j  Friends-  Unit  o{  ^  Rcd  Cross  j  Frana 

Wbntz.  E.  M  Asst.  Paymaster  U.  S.  Naval  Reserve  Force   U.  S.  S.  Topila.  care  of  Postmaster,  N.  Y.  C. 

Wheeler,  G.  C  Private  Base  Hospital  No.  18  American  Expeditionary  Forces,  via  New  York 

Whitaker,  J.  H  2nd  Lieutenant   317th  Field  Artillery   Camp  Jackson,  Columbia,  S.  C. 

White,  W.  M... Captain  and  Regimental  Adjutant  103rd  Engineers  Camp  Hancock,  Augusta. Ga. 

White,  J.  A.  Jr  Private  Co.  "A"  109th  Infantry  Camp  Hancock,  Augusta,  Ga. 

Wild,  H.  J  Captain  Engineer  Officers'  Reserve  Corps  War  Department,  Washington,  D.C 

Wilkinson.  R.  W  Engineers'  Training  School  Carnegie  Institute.  New  York 

Williams,  H.  L  2nd  Lieutenant  Engineer  Officers'  Reserve  Corps  Corpus  Christi.  Texas 

Witte.  W.  E.  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  

Wobrwag.  C.  A  ....1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  (0fficc  "n^^p^0  M"chSnD'  S' 

Wood.  E.  R.  Jr.  Captain  18th  Field  Artillery,  N.  A  1  

Work.  Leonard  1st  Lieutenant  52nd  Aero  Squadron.  A.  S.  S.  C  American  Expeditionary  Forces,  via  New  York 

Worrell,  H.  S  Lieutenant  Coast  Artillery  School  Fortress  Monroe,  Va. 

Worth,  J.  G  Captain  Quartermaster  Officers'  Reserve   Alex.  Remount  Depot,  Macon,  Ga 

Zeckwer,  J.R  Ensign  U.  S.  Naval  Reserve  Porce  Ship  Inspection  Office,  Philadelphia 

•Zinn.  George  A  Colonel  District  Engineers'  Office.  Custom  House  Portland.  Orefon 

•  Army  and  Navy  member. 
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JUNIOR  SECTION 

|   Dr.  W.  M.  Boehm,  Chairman  Ex  OJJiti*  H.  I.  Goldstuh,  Chairman 


A.  P.  Godsho,  Secretary 


THE  monthly  meeting  of  the  Executive  Committee 
was  held  at  the  Gub  House  on  Tuesday  evening, 
May  14,  1918,  Chairman  Goldstein  presiding. 
There  being  no  more  regular  monthly  meetings  of  the 
Section,  this  meeting  of  the  Executive  Committee  was  de- 
voted to  a  review  of  the  work  of  the  various  committees, 
the  chairman  of  each  making  a  written  report  of  the 
activities  and  results  achieved  by  his  committee  during  the 
pst  year  and  his  recommendations  for  next  year.  These 
reports  will  he  referred  to  the  chairmen  appointed  by 
Mr.  Kline  next  year  and  will  give  thcin  an  idea  of  the 
ideals  and  aspirations  of  this  year's  governing  body. 

The  meeting  was  practically  a  review  of  the  develop- 
ment of  the  section  from  a  more  or  less  unorganized  body 
to  one  well  organized,  and  the  credit  is  due  to  the  untiring 
efforts  of  the  Chairman  of  the  Section  and  his  associates. 
All  the  meetings  and  other  affairs  of  the  Section  were 
conducted  in  a  manner  of  which  many  an  older  organiza- 
tion could  well  be  proud. 

The  greatest  difficulty  was  experienced  in  getting  the 
junior  members  to  attend  the  meetings,  and  while  the 
average  attendance  was  good,  it  was  felt  that  more  men 
should  be  present.  The  Social  Committee  did  good  work 
in  attempting  to  make  the  meetings  more  attractive  by 
providing  refreshments  in  an  endeavor  to  entice  the  "  stay 
at  homes  "  and  the  "  go  somewhere  else  "  to  be  present. 
It  was  regrettable  that  sufficient  funds  were  not  available 
for  a  continuance  of  the  lunches  which  were  provided 
after  the  first  few  meetings.  The  outstanding  social 
feature,  however,  was  the  Junior  banquet  held  in  Feb- 
ruary and  was  the  most  successful  ever  held  by  the  Sec- 
tion. It  gave  the  boys  a  chance  to  become  better 
acquainted,  provided  a  thoroly  enjoyable  evening,  and  if 
there  had  been  any  prospective  Junior  members  present 
the  work  of  the  Membership  Committee  would  have 
lieen  easy. 

Great  credit  should  be  given  the  Membership  Commit- 
tee for  its  Membership  Campaign  held  during  the  year. 
Sixty  new  Juniors  were  elected,  so  that  the  Section  now 
numbers  close  to  two  hundred.  The  Chairman  in  his  final 
report  makes  a  good  suggestion  and  one  which  cannot 
receive  too  much  publicity.    He  requests  every  Junior 


to  submit  the  names  of  two  or  three  graduate  engineers 
who  are  working  at  their  profession  and  having  the  neces- 
sary personal  attributes  to  promote  and  continue  the  gen- 
eral good  fellowship  of  the  Junior  Section.  The  Member- 
ship Committee  will  then  efficiently  investigate  and 
recommend  each  application  to  the  Senior  Committee 
of  the  Club. 

After  a  careful  study  of  their  records  of  attendance, 
the  Meetings  Committee  has  decided  that  the  second 
Tuesday  of  each  month  seems  to  be  the  best  evening  for 
meetings  and  has  decided  if  possible  to  retain  this  evening 
for  next  year.  If  this  evening  is  known  to  be  Junior 
Meeting  night  it  will  become  an  institution,  and  every 
Junior  will  know  it  is  his  duty  to  be  among  those  present. 
If  next  year's  Papers  Committee  equals  the  record  of  the 
present  one,  members  will  be  well  repaid  for  attendance 
at  the  meetings. 

The  Papers  Comittce  made  a  particular  effort  to  have 
a  well-balanced  program  of  speakers  and  subjects,  by 
having,  as  far  as  practical,  papers  on  all  branches  of 
engineering.  On  some  evenings  two  papers  were  pre- 
sented, and  as  the  speakers  had  all  been  instructed  to  make 
their  papers  reasonably  short  and  concise,  their  presen- 
tation, together  with  the  discussions,  did  not  hold  the 
meetings  too  late.  The  committee  reports  that  it  had  a 
great  deal  of  trouble  securing  speakers.  First  the  in- 
herent, false  modesty  of  the  engineer  makes  him  refuse 
to  speak  when  asked ;  second,  a  prospective  speaker  might 
be  available  one  day  and  in  the  National  service  the  next ; 
third,  some  were  not  permitted  by  their  employers  to 
speak  or  were  so  limited  in  their  remarks  that  a  detailed 
pajtcr  would  have  been  an  impossibility. 

Several  times  during  the  year  difficulties  were  encoun- 
tered, necessitating  getting  in  closer  touch  with  the  Senior 
bodv.  Accordingly  the  Club  and  Public  Relations  Com- 
mittee secured  an  important  piece  of  legislation  in  our 
favor,  that  is,  contact  with  the  Chairmen  of  Senior  Com- 
mittees, and  direct  representation  at  the  Board  of  Direc- 
tors' meetings  when  Junior  subjects  are  under  discussion. 
The  effect  of  these  rulings  will  be  far-reaching  and  will 
enable  us  to  do  business  with  the  executive  bodies  of  the 
Seniors  without  the  necessity  of  an  intermediary. 
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SAFETY  FIRST  F 

(Continued  j 

recognized  tliat  here  was  a  valuable  discovery  which 
olTered  a  solution  of  the  problem. 

Leggings  of  special  form  having  a  wide  cape  or  ex- 
tension covering  the  foot  were  designed  and  ordered  to 
be  made  of  closely  woven  canvas  by  a  large  military 
equipment  establishment.  The  first  dozen  pairs  were 
received  early  in  1912  and  were  put  into  use  in  May. 


FIG.  J.— THE  OUTER  BRIDGE  SAFETY  LEGGING. 


The  laborers  carrying  molten  iron  were  at  first  not 
ordered  to  wear  these  protectors,  which  were  supplied 
free  of  cost,  but  they  understood  that  if  they  neglected 
to  do  so  and  were  burned  on  legs  or  feet  they  need  not 
expect  to  receive  pecuniary  assistance  which  was  freely 
given  to  the  young  man  mentioned  herein. 

The  protectors  are,  to  this  day,  worn  by  all  men 
carrying  molten  iron  in  the  foundry. 


OR  FOUN'DRYMEjN 

rom  Page  300) 

Four  years  and  eight  months  have  now  elapsed  since 
the  closely  woven  leg  and  foot  protectors  were  first  put 
into  daily  use,  and  there  is  yet  to  be  recorded  the  first  case 
of  any  man  losing  any  time  from  burns  on  legs  or  feet 
from  splashed  molten  metal  while  wearing  the  protectors, 
notwithstanding  that  molten  metal  has  splashed  over  the 
protectors  countless  times.  This  is  a  truly  remarkable 
record. 

The  President  of  Win.  Sellers  &  Company,  Inc.,  in 
answer  to  an  inquiry  regarding  foundry  accidents  from 
M.  X.  Alexander,  Chairman  of  the  Committee  on  Safety 
and  Sanitation,  National  Founders'  Association,  West 
Lynn,  Mass.,  wrote  as  follows : 

"  We  shall  be  glad  to  cooperate  with  you  by  sending 
you  copies  of  our  Foundry  Accident  Rqx>rts  in  the  man- 
ner you  request.  The  burns  were  nearly  all  on  feet  or 
legs,  due  to  splashing  iron.  For  about  a  year  past  we 
have  entirely  eliminated  burns  of  this  character  by  in- 
sisting that  the  men  shall  wear  canvas  leggings  which  we 
provide.  These  leggings  have  a  large  cape  which  covers 
the  boot  well  and  the  molten  iron  does  not  adhere  to  them. 
We  have  only  had  one  pair  of  leggings  at  all  injured  in 
this  way  and  the  wearer  was  evidently  saved  from  a 
severe  burn." 

Mr.  Alexander  at  once  sent  an  inspector  to  the  foundry 
of  William  Sellers  &  Company,  Inc.,  who  said  that  he  had 
visited  numerous  iron  and  steel  foundries  in  various  part* 
of  the  country,  but  that  he  had  never  seen  or  heard  of 
any  such  canvas  protectors.  He  photographed  the  men 
lined  up  at  the  cupola,  all  wearing  the  canvas  leggings, 
and  he  also  obtained  a  pair  for  a  sample.  Subsequently, 
Mr.  Alexander  brought  out  a  design  of  leg  protector, 
made  of  the  same  material,  but  minus  the  foot-covering 
cape ;  these  leggings  are  intended  to  be  worn  with  Con- 
gress shoes  only. 

(Illustrations  courtesy  of  Wm.  H.  Horstmann  Company) 
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AMERICAN  SOCIETY  OF  MECHANICAL 
ENGINEERS    .-.     Philadelphia  section 

IS 

Lewis  P.  Mooov,  Chairman.      John  P.  Mudd,  Secretory.  Midvalc  Steel  Company,  Nicetown,  Pa 


APRIL  MEETING. 

ADIXXER  meeting  of  the  American  Society  of 
Mechanical  Engineers  was  held  in  the  green-room 
'  of  the  Adclphia  Hotel  on  Tuesday,  April  23.  Mr. 
Lewis  F.  Moody  presided. 

Mr.  D.  Robert  Yarnall  acted  as  toastmaster,  and  intro- 
duced in  order  E.  J.  Cattell,  President  Charles  T.  Main, 
James  Hartness,  S.  M.  Vauclain,  C.  C.  Thomas,  and  W. 
C.  L.  Eglin,  who  spoke  on  various  subjects  relating  to 
industry  and  its  part  in  the  success  of  the  war. 

Xinety-three  members  and  fourteen  guests  were 
present. 

The  following  nominating  committee  has  been  ap- 
pointed to  name  the  officers  for  the  ensuing  year:  D. 
Robert  Yarnall  (chairman),  A.  C.  Wood,  Coleman 
Sellers,  Jr. 

An  election  will  follow  by  letter  ballot.  Selection  very 
probably  will  have  taken  place  prior  to  the  time  when  the 
Jolkxal  reaches  the  reader. 

DETROIT  SECTION  OF  THE  A.  S.  M.  E.  AND 
THE  DETROIT  ENGINEERING  SOCIETY 

IN  JOINT  SESSION  MAY  3.  1918. 
Whereas,  The  demands  of  the  country  for  men  and 
means  to  fight  the  war  has  resulted  in  a  deficiency  of 


skilled  workers  in  the  trades  and  professions;  and 
Wiikrkas,  The  women  of  this  country  could  with  a 
short  period  of  training  fit  themselves  to  fill  these  posi- 
tions as  women  have  done  in  other  countries  at  war; 
and 

Whereas,  Among  the  things  which  w  omen  could  do 
advantageously  are  drafting  and  tracing,  inspection  and 
testing  of  materials,  both  physically  and  chemically; 
therefore 

Resohed,  That  the  Universities,  Colleges  and  Tech- 
nical Schools  thruout  the  land  he  asked  to  consider  the 
question  of  meeting  this  demand  by  providing  special 
courses  of  instruction  open  to  women  students  quali- 
fied to  pursue  such  courses;  and  further 

Resolved,  That  employers  who  could  use  such 
skilled  help  exert  their  influence  with  their  Univer- 
sities, Colleges  and  Technical  Schools,  and  cooperate 
with  them  in  developing  and  making  available  a  great 
body  of  intelligent  and  adaptable  women  who  arc  as 
eager  and  willing  to  serve  their  country  as  their 
brothers ; 

Thereby,  Bringing  about  not  only  increased  effec- 
tiveness in  fighting  the  war,  but  also  a  greater  mutual 
respect  and  saner  relationship  of  our  men  and  women. 
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!    AMERICAN  SOCIETY  OF  HEATING  AND  I 
VENTILATING  ENGINEERS 

EASTERN  PENNSYLVANIA  CHAPTER 

Clio«r.i  U '.  Kabb,  Presdent  Geosge  Boos.  Secretary 

«minuEi:ii:r:tiLr:n.™m^j^ 

THE  regular  monthly  meeting  of  the  American  So-  Franklin's  paper  was  really  the  first  one  ever  presented 

ciety  of  Heating  and  Ventilating  Engineers  was  (m  tf,js  particular  subject,  it  is  our  hope  some  time  in 

held  at  the  Engineers'  Club,  May  9.  preceded  by  an  thp  ^  {uture  {q           jts  prcscntation  m  thc  jOUKNAL. 

informal  dinner.  Dr.  M.  W.  Franklin,  who  was  to  present 

„  c  ,  ..  t         II   .i  This  was  our  last  meeting  for  the  season.    We  will 

a  paper  on     Spontaneous  Combustion,    being  ill,  the 

paper  was  read  by  Mr.  A.  P.  Goldsmith.  *&'m  »oM  meetings  for  the  presentation  of  papers  on 

This  subject  is  quite  an  interesting  one,  and  as  Doctor  the  second  Thursday  of  Septemher. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS     .-.      Philadelphia  section 


Nathan  Hayward,  Chairman 
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JUNE  MEETING 


THE  June  meeting  of  the  Philadelphia  Section  will 
be  held  on  June  10  at  the  Engineers'  Club.  It 
will  be  devoted  to  the  annual  dinner.  The  result 
of  the  election  of  officers  for  the  next  year  will  be 
announced.  It  is  planned  to  have  some  informal  speech- 
making  by  several  prominent  engineers.  Details  are  not 
available  at  this  time,  but  will  be  given  in  a  notice  to  be 
sent  to  the  members  before  the  meeting. 

The  May  meeting  was  held  on  the  13th  at  the  En- 
gineers' Club.  Mr.  J.  H.  Anderton,  of  the  American 
International  Shipbuilding  Corporation,  read  a  very  in- 
teresting paper  on  the  Big  Creek  Plant  of  the  Southern 
California  Edison  Company,  with  which  Mr.  Anderton 
was  associated  during  its  construction.  The  paper  was 
profusely  illustrated,  many  slides,  in  addition  to  their 
technical  value,  being  of  scenic  interest. 

The  salient  points  of  the  development  about  which 
Mr.  Anderton  spoke  may  be  enumerated  as  follows: 


H  Mouradian,  Secretary.  1631  Arch  Street 
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The  use  of  Pelton  water  wheels  under  an  extremely 
high  hydrostatic  head — 2000'; 

The  difference  in  weight  of  generators  and  trans- 
formers of  equal  capacity  made  by  the  different  electrical 
manufacturers; 

The  three-phase  transmission  line,  240  miles  in  length, 
with  150,000  volts  between  phases; 

The  use  of  50-cycle  frequency  ; 

The  employment  of  synchronous  condensers  at  the 
receiving  end  to  compensate  for  the  leading  power  factor 
of  the  line  itself; 

The  presence  of  local  transients  along  certain  sections 
of  the  line  giving  rise  to  high  voltages  sufficient  to  punc- 
ture insulators  in  those  sections; 

The  relative  immunity  of  the  line  to  lightning  trouble. 

The  paper  was  well  received,  a  short  outline  of  the 
main  features  of  which  was  distributed  to  those  present, 
contributing  much  to  its  enjoyment.  The  paper  was  dis- 
cussed by  Messrs.  Anderton,  Woodbury,  Hayward, 
Mouradian  and  Sproule,  and  others. 


I 
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THE  Annual  Field  Day  of  the  Club  will  be  held  at 
the  Woodbury  Country  Club,  Woodbury,  N.  J.,  on 
Saturday  afternoon  and  evening,  June  8,  1918. 
Members  will  take  the  1.30  p.m.  train  at  Market  Street 
Ferry  (Pennsylvania  electric  train).  Members  are  invited 
to  bring  their  families  and  friends.  The  afternoon  will  be 
devoted  to  a  baselwll  game,  relay  race,  tug-of-war  and 
other  games  and  stunts.  The  entire  club-house  and 
grounds  are  available  for  use  of  the  members  for  the 


N.  A.  White,  Secretary, 


afternoon  and  evening.  Supper  will  be  served  on  the 
lawn  and  there  will  be  singing  and  dancing  in  the  evening. 
In  order  to  cover  expenses  a  charge  of  $1.00  for  each 
Technology  man  and  50  cents  additional  for  each  guest 
will  be  made. 

No  meeting  is  scheduled  at  the  Engineers'  Club  for 
June  in  view  of  the  Annual  Field  Day  to  be  held  on  June 
8,  and  no  meetings  are  scheduled  for  the  summer  months. 
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SAFETY  COUNCIL 

NATIONAL  SAFETY  COUNCIL 


J.  P.  Mudd,  Secret»ry-Tre*»urer, 
The  Midmk  Siecl  Co.,  P.  O.  Bo i  UJJ 


APRIL  MEETING. 

A MEETING  of  the  Philadelphia  Safety  Council  was 
held  at  the  Engineers*  Cluh  on  Monday  evening, 
'  April  22. 

The  meeting  was  preceded  by  a  well-attended  dinner 
held  in  the  new  dining-rooms  of  the  Cluh.  About  forty- 
five  attended  the  dinner. 

Mr.  C.  F.  Conner  presided  at  the  meeting. 

The  subject,  "  The  Woman  in  Industry, "  was  opened 
by  a  short  talk  by  Mrs.  Samuel  Semplc,  of  the  State  In- 
dustrial P.oard.  A  discussion  followed,  in  which  the  fol- 
lowing participated:  Mr.  J.  F.  Conner,  United  Gas  Im- 
provement Company;  Mr.  J.  15.  Douglas,  United  Gas 
Improvement  Company  ;  Mr.  Townsend,  Hoopes  &  Town- 
send;  Mr.  Calvert,  Chester  Paper  Company;  Mr.  C.  C. 
Black.  Department  of  Labor  and  Industry;  Mr.  Wolf, 
American  Pulley  Company;  Mr.  C.  Howard  Williams, 
American  Pulley  Company;  Mr.  Williams,  Strawbridge 
&  Clothier;  Miss  P.inns.  Miller  Lock  Company;  Mi^s 
Roadefer,  Philadelphia  Rapid  Transit  Company. 

Fourteen  new  members  were  admi'ted. 


MAY  MEETING. 

On  Tuesday,  May  14,  at  1  p.m.,  the  committees  of  the 
Philadelphia  Safety  Council  met  at  a  luncheon  at  the 
Engineers*  Club.  Messrs.  J.  F.  Conner,  Donald  N. 
Frazier,  C.  C.  Black,  L.  J.  Freund,  C.  Howard  W  illiams, 
and  John  P.  Mudd  were  present.  Mr.  F.  M.  Rosseland, 
one  of  the  secretaries  of  Chicago,  was  present  and  went 
over  several  matters  of  vital  interest  to  the  Local  and 
National  Councils.  Among  the  subjects  discussed  at  the 
Conference  were:  The  advisability  of  having  a  paid  sec- 
retary; the  means  of  financing  such  an  undertaking;  the 
holding  of  separate  meetings  for  workmen  and  execu- 
tives: and  several  other  matters  of  minor  interest.  No 
decisions  were  reached,  but  Mr.  Rosseland  brought 
many  new  thoughts  from  bis  association  with  the  Chi- 
cago Section,  which  will  undoubtedly  be  used  during 
the  coming  year. 


WORCESTER  TECH  CLUB 

George  A.  Denny.  Chairman  Roiiert  M.  Barr.  Secretary.  Land  Title  BttiMing 
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SPRING  OUTDOOR  MEETING  Leave  Engineers'  Club  4.00  p.m.    Visit  either 

HAD  dinner  at  6.30  p.m. — $2.50— Tinicum   Inn,    W'estinghouse  or  Hog  Island  Plants  on  the  way. 
Essingtcn,  Pa..  June  12.  1918.  Come  and  make  the  day  a  success. 
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ADDRESS  • 

By  HONORABLE  WILLIAM  HOWARD  TAFT. 


THIS  Convention  speaks  an  irrevocable  public  opin- 
ion that  the  war  must  go  on  until  our  foe  is  de- 
feated. We  are  fighting  the  German  people  led 
by  the  Hohenzollcrn  Dynasty,  its  Military  Hierarchy 
and  Prussian  Reactionaries.  They  maintain  the  undiluted 
and  cruel  doctrine  that  "  might  makes  right."  They  have 
been  strengthening  their  might 
for  fifty  years  in  order  to  estab- 
lish their  right  to  the  domination 
of  the  world. 

Since  August,  1914,  no  solu- 
tion has  been  possible,  consistent 
with  permanent  peace,  except  a 
victory  of  the  Allies.  The  utter 
untrustworthincss  of  the  Kaiser 
as  a  signatory  to  a  treaty  of  peace 
makes  his  continuance  in  power 
I  continued  threat  against  the  in- 
tegrity and  safety  of  other 
nations.  W  hen  there  was  a  dead- 
lock on  the  eastern  and  the  west- 
ern fronts,  some  hoped  that  real 
peace  by  negotiation  and  without 
victory  could  be  achieved.  Store 
was  set  upon  proposals  and  coun- 
ter-proposals contained  in  official 
statements  as  a  means  of  reach- 
ing a  common  ground  for  nego- 
tiation. Such  optimism  was  not 
justified.  Nothing  but  an  incon- 
clusive German-made  peace  could 
have  resulted.  What  should  have 
been  clear  then,  has  been  demon- 
strated since  by  Germany's  action 
in  Russia,  Rumania  and  Turkey 
and  her  attitude  in  her  western  drive.  Thru  the  insidious 
and  treacherous  propaganda  of  German  socialists  in  the 
pay  of  German  militarism,  the  poor,  ignorant  Russian 
people  were  led  into  Bolshevikism,  the  destruction  of 
their  army,  their  only  means  of  resistance  to  German  con- 
quest.  They  were  like  the  lamb,  pleading  with  the  wolf, 

'Delivered  at  the  Convention  of  League  to  Enforce  Peace, 
Thursday  morninjt,  May  16,  1918,  Philadelphia. 
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HON.  WILLIAM 
PRESIDENT.  LEAGUE 


and  the  end  was  not  doubtful.  The  Germans  now  divide 
Russia  up  into  States,  called  independent  but  subject  to 
the  German  control.  Rumania  has  been  despoiled  of 
much  that  was  hers  and  has  become  a  vassal  state.  The 
Germans  make  |>cace  with  jxroplcs  but  continue  the  war 
against  them.  The  cruel  measures  of  suppression  to  which 
the  various  Russian  peoples  have 
been  subjected  by  the  brutality  of 
their  German  conquerors  we 
dimly  hear.  The  Armenians 
have  been  turned  back  to  the 
Turks.  The  one  sympathetic 
associate  in  Teuton  cruelty  among 
the  countries  of  the  world,  the 
Turkish  Sultanate,  has  thus  been 
restored  to  its  bloody  rule  over  its 
Christian  victims.  The  initial 
success  of  the  German  arms  on 
the  western  front,  as  two  millions 
or  more  of  men  in  mass  are 
hurled  at  our  devoted  allied  line, 
calls  out  the  real  truculence  of 
the  controlling  clement  of  Ger- 
many. We  hear  now  of  indemni- 
ties and  annexations  previously 
eliminated. 

No  one  in  the  wildest  flight 
of  his  imagination  now  can  think 
of  undefeated  Germany  yielding 
either  proper  indemnity  to  Bel- 
gium or  justice  to  Alsace- 
Lorraine,  each  of  which  Great 
Britain  and  the  United  States 
have  made  a  sine  qua  mom.  Nor 
will  the  unconquered  German 
ruling  class  consent  to  lift  the  German  paw  and  remove  its 
cntshing  weight  from  prostrate  Russia,  or  give  over  to  de- 
cent rule  the  blood-stained  Christian  provinces  of  Turkey. 
If  the  wrongs  of  Belgium,  and  Alsace-Lorraine,  and  of 
Russians,  Italians,  Poles,  Armenians  and  Serbians  and 
other  Slav  peoples,  are  not  righted,  the  war  will  have  been 
sacrificed  for  nothing.  We  must,  therefore,  conquer  the 
Germans  if  a  just  and  lasting  peace  is  to  be  secured. 
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Therefore,  the  slogan  of  the  Allies,  and  the  cry  of  this 
country,  must  be  "  Victory  with  Power." 

It  must  be  declared  by  our  Congress.  Its  sincerity 
must  be  shown  by  deeds.  We  must  spread  U|>on  our 
statute  book  a  plan  for  the  massing  of  a  mighty  force  and 
putting  it  on  the  soil  of  France,  a  force  so  great  that  its 
mere  presence  there  will  insure  victory.  This  means  time 
for  prc]>aration.  We  are  a  |>cacc-loving  people.  Wc 
have  been  a  peace-loving  nation.  We  have  been  slow 
to  prepare  in  the  face  of  events  that  should  have  taught 
us  to  act  earlier.  But  this  is  no  time  for  vain  regrets. 
It  is  a  time  now  for  action.  We  act  by  legislation.  We 
act  thru  our  National  Congress  first,  which  declares  a 
plan,  and  then  thru  our  Executive,  who  carries  out  the 
Congressional  plan. 

Thank  God,  the  will  of  the  people  to  see  this  war  thru 
to  German  defeat  is  gathering  with  irresistible  force. 
Those  who  represent  us  in  the  National  legislature  and 
in  the  Executive  must  know,  and  must  be  made  to  know, 
tliat  only  one  policy  will  be  tolerated,  and  that  is  war 
to  the  top  of  the  capacity  of  the  country.  At  least 
5,000,000  of  fighting  men  must  land  in  France  from  this 
country  to  attain  victory.  We  may  need  millions  of  auxil- 
iaries. Let  us  have  it  known  lo  the  world ;  let  us  have  it 
heralded  in  London  and  in  Paris  to  hearten  our  Allies ; 
let  us  have  it  sounded  in  Berlin,  that  all  the  energy  of 
this  country,  all  its  potential  power,  is  to  be  converted 
into  force.  Wc  are  hurrying  troops  now  to  stay  the 
Germans  on  the  western  front,  but  let  it  be  known  that 
this  is  only  to  help  hold  the  line  until  a  greater  American 
army  insuring  victory  can  be  put  there.  It  will  take  fully 
two  years — jicrhaps  three — to  fulfil  proper  plans  of  prep- 
aration. We  should  face  the  facts.  We  should  realize 
what  is  before  us.  We  should  discard  unjustified  opti- 
mism. Wc  should  set  our  faces  stern  and  unbending  for 
but  otic  purpose—"  War,  War,  War!  " 


Words  like  these  may  sound  strange  in  a  gathering 
whose  purpose  is  peace ;  but  those  who  would  say  so,  do 
not  see  the  fact.  Our  Society  was  organized  to  make  this 
war  an  instrument  for  the  promotion  of  peace.  It  holds 
that  the  horrors  of  the  war  and  the  awful  misery  it  in- 
volves must  make  the  nations  bind  themselves  to  a  com- 
mon obligation  for  the  future  to  suppress  war.  We  call 
for  a  primitive  political  organization  of  the  world,  afford- 
ing judicial  and  mediating  agencies  and  an  international 
police  to  stamp  out  the  beginnings  of  every  riot  of  world 
violence.  A  member  of  the  family  of  nations  which  looks 
upon  war  as  a  normal  means  of  acquiring  power  and  a 
justifiable  condition  of  growth,  destroys  hope  for  the 
future.  Such  member  must  be  whipped  into  a  different 
view,  and  into  conformity  with  the  public  opinion  of  the 
world.  Nothing  but  force  can  cure  the  brutality  and 
ruthlessncss  of  force.  In  such  a  case  the  maxim, 
"  Siwilia  siwilUms  curantur,"  has  full  application.  The 
l>caccful  countries  of  the  world  are  obliged  to  change 
themselves  into  the  habits,  the  sacrifices  and  the  panoply 
of  war.  When  they,  in  spite  of  their  lack  of  preparation, 
in  spite  of  their  |ieace-loving  instincts,  shall  strike  down 
in  battle  a  people  that  makes  war  its  god,  their  cure  will 
be  complete,  the  scales  will  fall  from  their  eyes,  and  with 
a  clearer  vision  they  will  sec  that  he  whom  they  have 
ignorantly  worshipped  is  the  devil  and  not  God.  Until 
so  cured,  they  can  never  be  an  amenable  and  law-abiding 
member  of  a  peaceful  world  community. 

For  these  reasons,  wc  pretermit  in  this  meeting  dis- 
cussion of  the  particular  treaty  terms  to  effect  our  purpose 
in  the  proposed  political  world  organization.  We  of  this 
League,  who  arc  the  most  peace-loving  people  of  this  most 
peace-loving  nation,  now  that  the  independence  and  liberty 
of  the  world  are  at  stake,  and  its  permanent  peace  is 
attacked  by  brute  force,  have  drawn  the  sword  and  have 
thrown  the  scabbard  away.  Let  us  have  Peace,  but  let 
us  have  War.  that  we  may  have  Peace. 
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I THOUGHT  that  possibly  you  would  like  to  hear  of 
one  of  the  problems,  at  least,  put  up  to  the  Presi- 
dents of  the  various  National  Engineering  Socie- 
ties and  other  organizations  by  the  Government,  and 
so  I  will  speak  about  a  problem  which  was  given  us  a 
short  time  ago  by  the  then  Cantonment  Division,  now 
the  Construction  Division,  of  the  Army. 

A  few  weeks  ago  the  Presidents  of  the  American 
Society  of  Civil  Engineers,  American  Institute  of  Elec- 
trical Engineers,  American  Society  of  Mechanical  Engi- 
neers, American  Institute  of  Architects,  President  of 
the  United  States  Chamber  of  Commerce,  the  Presi- 
dent of  the  Building  Contractors  Employees  Association 
of  Chicago  and  President  of  the  New  York  Association 
of  Contractors  and  a  representative  of  the  American 
Federation  of  Labor  were  invited  to  come  to  Washing- 
ton to  pass  on  the  form  of  contract  which  should  be 
used  in  carrying  out  the  vast  program  of  the 
Construction  Division. 

Before  war  was  declared  the  construction  work  for 
the  Army  was  done  by  the  Construction  and  Repair 
Branch  of  the  Quartermaster-General's  Office.  When 
war  was  declared  the  Cantonment  Division  was  formed 
with  one  Colonel,  two  Captains  of  the  regular  Army 
and  one  Major  of  the  Reserve  Corps.  Very  soon  there 
was  put  up  to  this  division  the  problem  of  providing 
housing  for  about  a  million  troops,  and  it  was  required 
that  this  housing  should  be  ready  in  about  three  months. 
It  became  necessary  rapidly  to  build  up  an  organization 
for  planning  this  work.  The  Committee  on  Emergency 
Construction,  with  the  assistance  of  contractors,  engi- 
neers and  architects,  formulated  the  Emergency  Con- 
struction Contract.  This  contract  was  used  for  all 
of  the  construction  work  for  camps  and  cantonments 
and  for  other  construction  work  which  the  Cantonment 
Division  has  done. 

The  work  had  to  be  let  to  the  various  contracting 
firms  of  the  country.  In  spite  of  the  small  beginning 
of  that  organization  they  built  up  their  own  organization. 
The  contracts  were  let  and  the  housing  was  ready  for 
the  men  practically  as  soon  as  the  men  were  ready 
for  the  camps. 

•  Delivered  at  Dinner  to  the  Council  of  the  American  So- 
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There  were  first  planned  thirty-two  cantonments, 
with  the  idea  that  the  company  formation  contained  one 
hundred  and  fifty  men.  Before  work  on  the  plans  had 
proceeded  very  far,  however,  the  orders  were  to  change 
the  company  formation  to  two  hundred  and  fifty  men. 
After  the  plans  were  well  along  the  number  of  canton- 
ments was  reduced  from  thirty-two  to  sixteen.  It  was 
estimated  that  each  cantonment  would  cost  about 
$6,000,000.  After  the  work  was  nearly  all  done,  many 
changes  were  ordered,  which  increased  the  cost  to 
about  $9,000,000. 

They  thought,  and  I  believe  they  were  right,  that 
they  could  not  have  let  the  contracts  for  that  work,  with 
its  varying  changes  of  character  and  scope,  under  any 
other  system  except  the  emergency  contract,  which 
was  cost  plus  a  per  cent,  with  a  fixed  outside  sum. 

Before  the  cantonments  were  completed  this  Divi- 
sion was  given  charge  of  all  the  other  construction  work 
on  this  side  of  the  water,  and  the  program  now  amounts 
to  about  $1,300,000,000.  There  are  perhaps  three  hun- 
dred jobs,  varying  in  size  from  a  few  thousand  dollars 
to  $45,000,000. 

One  job  was  started  for  the  Ordnance  Department 
with  an  estimate  of  a  few  hundred  thousand  dollars. 
Before  it  had  proceeded  far,  several  hundred  thousand 
square  feet  of  floor  space  was  added  for  the  carriage 
department,  and  before  it  had  proceeded  much  farther, 
orders  were  given  to  add  a  cantonment  for  five  thousand 
troops.  All  of  these  changes  required  radical  changes 
in  the  plans. 

In  another  case,  after  the  work  was  well  along  and 
several  thousand  men  working,  orders  were  received  to 
stop  and  the  work  was  all  stopped  for  several  weeks,  and 
then  started  again  with  many  serious  changes  ordered. 
These  examples  illustrate  how  little  is  known  of  the 
eventual  scope  of  the  work  at  the  start. 

There  has  been  some  criticism  of  this  form  of  contract 
against  the  advisability  of  using  the  Emergency  Con- 
struction Contract,  and  many  people  thought  that  possi- 
bly there  might  be  some  other  way  of  doing  this  work. 
For  that  reason  the  Committee  which  I  spoke  of  pre- 
viously was  called  to  Washington  and  asked  to  pass  on 
a  form  of  contract  under  which  this  emergency  work 
might  be  done. 
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There  are,  generally  speaking,  two  methods  of  doing 
the  work.  The  first  one  may  be  called  the  purchase  and 
hire  method,  under  which  the  Government  purchases  all 
the  materials  and  hires  all  the  labor.  To  do  this  it  would 
be  necessary  for  the  Government  to  build  up  an  immense 
organization  in  Washington,  which  would  become  very 
unwieldy,  and  the  work  would  eventually  have  to  be 
decentralized  in  order  to  be  carried  out.  The  time  re- 
quired for  building  up  this  organization  would  be  so  long 
that  the  Committee  decided  that  that  method  of  doing 
the  work  should  not  be  used  at  this  particular  time. 
There  may  be  occasions,  in  time  of  peace,  when  some 
colossal  project  is  under  way  when  such  a  method  might 
be  proper  or  even  necessary,  where  sanitation,  jwlicing 
or  other  Governmental  functions  could  not  otherwise 
be  provided. 

The  second  method  for  doing  the  work  would  be  under 
one  of  the  various  forms  of  contract,  such  as  the  lump 
sum  contract,  which  has  been  used  more  than  any  other 
type  in  this  country,  especially  up  to  within  the  last 
few  years.  With  this  form  of  contract  it  would  be  im- 
possible to  start  on  any  of  the  work  until  the  plans  and 
specifications  are  all  prepared  and  bids  are  in  and  the 
contract  awarded,  and  there  would  be  a  loss  of  time  which 
might  be  vital  to  the  project. 

Another  form  of  contract  is  the  lump  sum  with  per- 
centage allowances,  or  some  other  allowances,  for  addi- 
tions; but  the  same  objection  holds  to  that  form  as  to 
the  lump  sum  contract. 

Another  form  is  letting  the  work  on  a  unit  basis, 
such  as  a  yard  of  concrete  or  a  ton  of  steel,  but  there  it 
would  be  impossible  to  form  any  intelligent  idea  as  to 
what  the  unit  price  would  be,  because  it  could  not  be 
foreseen  what  the  character  of  the  work  would  be,  where 
it  was  to  be  done,  how  many  additions,  or  how  many 
changes  were  to  be  made,  and  therefore  the  Committee 
decided  that  that  was  not  the  proper  form  to  use. 

Finally  we  came  to  the  form  of  contract  which  has 
been  called  the  Emergency  Construction  Contract,  under 
which  the  contractor  receives  a  percentage  of  the  cost, 
the  percentage  diminishing  as  the  cost  of  work  increases, 
with  a  fixed  sum  at  various  intervals.  Under  this  form 
of  contract  the  work  can  be  started  immediately,  and 
it  vill  allow  the  Government  or  any  Department  to  make 
any  changes  which  arc  desired  in  the  scope  of  the  work. 
The  percentages  arc  so  small  that  it  seems  to  be  a  fair 
thing  for  the  Government.  There  can  be  no  excess  profit 
under  this  form,  as  the  price  of  labor  and  materials  is 
fixed  by  the  Government.  The  Committee  reported  that 
in  its  opinion  the  Emergency  Construction  Contract  was 
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the  proper  form  to  use,  and  the  report  was  transmitted  to 
the  Acting  Secretary  of  War. 

The  constitution  of  the  Society  prevents  the  Society 
from  doing  things  in  a  public  way  which  it  might  do,  and 
which  perhaps  would  prevent  the  President  from  doing 
certain  things  that  he  might  do,  and  in  times  of  peace 
the  letter  of  the  constitution  should  be  lived  up  to,  but 
it  seems  to  me  that  in  these  times  we  cannot  stand  too 
rigidly  on  technicalities,  for  action  must  be  taken  imme- 
diately or  else  it  is  of  no  use,  and  I  hope  that  your  Presi- 
dent will  not  be  so  indiscreet  as  to  cause  any  reflections- 
to  be  cast  upon  the  Society,  and  I  hope  that  if  any  prob- 
lems are  put  to  him,  not  as  a  person  but  because  he  repre- 
sents the  Society,  that  those  problems  will  be  solved 
in  a  way  that  will  be  satisfactory  to  the  members  of 
the  Society. 

There  is  one  other  problem  which  came  up  the  other 
day,  which  was  rather  interesting.  The  National  Indus- 
trial Conference  Board,  composed  of  a  great  number  of 
national  industrial  associations  of  the  country,  was  very 
much  exercised  because  the  Mouse  of  Representatives 
had  just  passed  the  Naval  Appropriation  Rill  with  a 
rider  attached  to  it,  which  prohibited  the  payment  of  ca*h 
bonuses,  or  the  use  of  time  studies,  or  any  of  the  effi- 
ciency methods  on  any  work  done  under  that  appropria- 
tion. Such  action  would  not  only  prevent  any  work  of 
that  sort  being  done  in  the  arsenals,  but  it  would  also 
prevent  any  private  concern  that  was  doing  work 
for  the  Government  to  receive  any  of  that  appro- 
priation it  had  in  operation,  unless  it  abolished  effi- 
ciency systems.  I  think  that  most  of  us  feel  that  if 
those  systems  were  properly  applied  they  do  assist 
in  s|>ecding  up  production.  If  there  is  one  thing  that 
we  ought  to  do  in  this  country  now,  it  is  to  speed  up 
production,  and  anything  that  is  done  to  cause  it  to  be 
diminished  should  be  frowned  upon. 

The  National  Industrial  Conference  Board  thought 
that  the  engineers,  whose  reports  are  looked  up  to  as 
being  unprejudiced,  would  be  the  proper  people  to  send 
a  resolution  to  the  Senate  protesting  against  the  passage 
of  a  bill  of  that  sort.  Representatives  of  the  National 
Societies  were  invited  to  attend  the  meeting  of  the  Roard. 
and  we  in  turn  invited  the  Chairman  of  the  Board  to 
meet  with  the  Engineering  Council.  The  Engineering 
Council  appointed  a  Committee  to  draw  up  resolutions. 
These  resolutions  have  been  sent  to  the  Senate,  Commit- 
tees on  Naval  and  Military  Affairs  and  several  others. 

As  I  said  before,  in  a  way  wc  may  be  doing  some- 
thing in  the  Societies  that  perhaps  we  have  not  any  right 
to  do,  but  if  anything  is  to  be  done,  it  must  be  done  quickly. 
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ADDRESS* 

By  SAMUEL  M.  VAUCLAIN,  Member 


AND  GENERAL  MANAGER.  BALDWIN  LOCOMOTIVE 
MEMBER  OK  WAR  INDUSTRIES  HOARD 


THE  reason  of  my  coming  here  and  why  I  have 
with  me  a  few  of  our  representative  engineers 
is  that  I  believe  that  our  success  in  this  war  will 
depend  upon  engineering  ability  to  cope  with  the  enemy. 
The  country  has  been  living  in  a  fool's  paradise  for  many 
years.  Every  obstacle  that  could  possibly  be  placed  in 
the  way  of  big  business  or  large  engineering  schemes  has 
been  placed  in  the  way  by  the  so-called  people  of  the 
United  States  or  their  political  representatives.  On  the 
other  hand,  in  Germany  the  prime  ruler  of  Germany 
with  all  his  millions  has  compelled  the  people  of  Germany 
to  exert  themselves  to  the  utmost  to  develop,  extend  and 
perfect  their  engineering  and  everything  pertaining  to 
the  manufacturing  arts.  The  result  of  such  training  has 
already  been  seen.  We  have  had  nearly  four  years  of  it, 
btit  now  that  the  American  people  have  embarked  in  this 
enterprise  we  will  show  this  gentleman  that  we  have  skill 
on  this  side  of  the  water  that  can  be  developed  and 
matured  in  far  less  time  than  it  required  in  his  country. 

I  listened  to  Mr.  Cattell,  I  have  known  him  for  more 
than  a  year  and  have  always  respected  the  great  knowl- 
edge he  has  of  this  city,  and  am  always  glad  to  listen  to 
his  statistics,  and  I  am  also  willing  to  admit  that  Phila- 
delphia is  a  veritable  Sleepy  Hollow.  Nothing  runs  thru 
Philadelphia.  That  has  been  decided  many  years  ago,  and 
it  is  a  good  thing  that  nothing  runs  thru  Philadelphia. 
It  seems  to  me  that  anything  that  is  of  any  real  use  to 
this  country  stops  in  Philadelphia  and  stays  here. 

I  wish  to  call  the  attention  of  engineers  not  exactly 
to  the  present  status  of  this  country,  but  to  what  is  going 
to  happen  in  the  future,  after  this  war  has  been  won  by 
the  United  States.  I  also  wish  to  call  your  attention  <o 
the  present  condition  of  the  industries  of  this  country. 
They  arc  famished  and  they  are  called  upon  to  support 
this  Government  in  one  of  the  most  gigantic  wars  that  the 
world  has  ever  known  or  ever  will  know.  This  war  will 
be  decisive  as  to  wars,  and  will  demonstrate  the  useless- 
ness  of  such  conflicts  at  least  for  several  centuries  to 
come.  Beyond  and  ahead  of  everything  else  we  are 
engineers  and  are  responsible  more  than  any  other  class  of 
people  for  the  pre-eminence  of  this  country  in  the  future, 
and  therefore  I  suggest  that  in  the  coming  elections  which 
are  sure  to  come  this  or  next  year  that  in  choosing  your 
candidates  for  responsible  positions  you  choose  the  men 
who  have  a  capacity  for  business,  and  who  understand 
what  big  business  is,  and  who  will  devote  at  least  one- 
half  of  their  energies  to  the  perfection  and  permanent 
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establishment  of  large  industries  in  this  country.  Now, 
why  do  I  say  large  industry  ?  Because,  without  a  large 
industry  nothing  can  be  done.  Nothing  can  be  accom- 
plished any  more  on  the  scale  which  we  require  unless  wc 
have  large  industries,  and  how  are  these  large  industries 
consummated  Not  by  individual  ownership.  Not  by  the 
old  system  of  copartnership  under  which  I  grew  up  and 
in  which  I  prospered,  but  it  is  a  business  of  the  people; 
the  capitalization  of  these  large  industries  is  placed  in 
the  market  and  the  people  purchase,  and  the  people  have 
a  right  to  a  fair  return  upon  their  money,  and  we  who  are 
their  representatives  and  employed  to  handle  these  great 
industries  must  see  to  it  that  the  owners  of  our  establish- 
ment are  fairly  compensated  for  the  use  of  their  money. 
For  the  last  five  years  it  has  been  almost  impossible  for 
large  industries,  excepting  probably  one  or  two,  to  make 
a  proper  return  to  their  stockholders  for  the  money  which 
they  are  using  in  those  industries.  Such  a  condition  must 
not  now  continue,  nor  must  it  be  maintained  in  the  future. 
If  it  is  maintained  our  mechanical  and  commercial  su- 
premacy which  we  will  attain  by  the  end  of  this  war  will 
pass  to  the  other  side  of  the  water,  and  we  will  be  lost 
and  be  at  their  mercy. 

Shortly  before  the  war  I  visited  Germany,  and  being 
somewhat  of  an  observer  I  noticed  the  almost  maniacal 
effort  that  was  being  made  to  construct  double  lines  of 
railway  tracks  paralleling  those  already  existing.  At 
once  I  concluded  that  war  was  imminent.  I  went  imme- 
diately to  England  and  told  some  of  our  railroad  friends, 
at  least  one  who  had  just  ordered  some  locomotives  to  be 
constructed  in  Germany.  I  said,  "  Why  is  it  that  you 
cannot  ask  those  of  your  own  flesh  and  blood  to  build 
your  locomotives,  who  live  across  the  water,  under  the 
American  flag,  and  who  are  closer  to  you  in  every  way, 
instead  of  patronizing  the  Germans  on  the  other  side  of 
the  Channel,  who  will  take  your  money  and  use  it  to 
annihilate  you  in  the  near  future?"  He  said,  "  I  cannot 
believe  it."  I  said,  "  At  this  time  preparations  are  under 
way  that  mean  nothing  but  war,  and  you  are  to  be 
the  victim." 

Immediately  after  the  war  broke  out  I  returned  to 
England  and  paid  this  gentleman  a  visit.  He  took  me 
by  the  hands  and  said,  "  You  have  told  rac  the  truth.  We 
have  lived  in  a  fool's  paradise.  Wc  arc  at  their  mercy, 
but  if  you  don't  mind  hearing  it,  I  have  just  received  those 
locomotives  and  I  have  the  money,  too." 

Consider  another  illustration  of  the  large  industry. 
Wc  had  a  small  rifle  plant  capable  of  making  rifles  up  to 
sixteen  inches  in  diameter,  in  the  village  of  Nicetown— 
or  probably  it  might  be  called  Philadelphia— that  was  re- 
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cently  purchased  by  a  syndicate,  and  to  that  plant  was 
added  several  other  steel  plants — plants  of  great  magni- 
tude— and  what  is  the  result?  The  result  is  that  this 
plant  has  a  financial  backing  that  is  second  to  none  in  the 
world,  and  to-day  this  plant  in  Philadelphia  is  the  only 
plant  in  the  United  States  of  America  that  is  delivering 
its  guns  and  its  ammunition  on  time.  Without  this  finan- 
cial backing,  created  by  a  large  industrial  organization, 
or  an  example  of  large  business,  this  thing  could  not 
be  accomplished. 

Another  less  important  enterprise  has  existed  in 
this  city  for  eighty-five  years  or  more — the  principal 
business  of  which  is  constructing  locomotives.  This  little 
plant  is  now  turning  out  locomotives  of  various  kinds — 
steam,  electric  and  gasoline — at  the  rate  of  about  one 
hundred  and  twenty  million  dollars'  worth  a  year.  As 
many  as  one  hundred  locomotives  have  been  turned  out  in 
one  week  during  the  past  winter. 

On  the  banks  of  the  Delaware,  the  United  States  Gov- 
ernment is  dependent  iqion  an  industry  started  by  this 
locomotive  plant  now  operated  by  this  other  industrial 
fabric  which  has  been  created  in  this  city — the  Mid  vale 
Steel  and  Ordnance  Company — and  60  per  cent,  of  the 
rifles  this  country  is  using  comes  from  this  plant  on 
the  Delaware. 

At  almost  the  same  point  on  the  same  Delaware  River 
ammunition  is  being  manufactured  both  by  day  and  by 
night.  The  women  of  that  section  of  the  country  are 
as  active  as  the  men,  and  large  amounts  of  this  material 
are  being  shipped. 

In  the  southern  portion  of  this  city  an  old,  long  estab- 
lished plant  that  has  gone  thru  the  vicissitudes  of  life- 
mechanical  and  industrial — several  people  have  faded 
away  from  the  face  of  the  earth  in  an  effort  to  make  this 
establishment  pay,  and  it  is  now  quietly  running  day 
and  night,  turning  out  monthly  at  least  one  million  dollars' 
worth  of  the  most  desirable  machinery  that  this  Govern- 
ment requires  for  war  purposes. 

Up  the  State,  in  a  little  valley  where  I  was  told  I 
would  never  get  a  man  to  go  to  work,  and  where  a  few 
years  ago  175  men  were  employed,  6000  men  now  labor 
for  Uncle  Sam  in  producing  gun  forgings  and  other  forg- 
ings  most  necessary  to  the  transportation  service  of  this 
country,  and  which,  in  Washington,  are  now  being 
considered  of  even  greater  importance  than  artillery 
and  ammunition. 

Without  organization,  without  large  business,  without 
an  immense  army  of  brains  at  command,  none  of  these 
things  could  be  accomplished.  On  Thursday  morning, 
early,  before  the  people  of  this  country  or  this  section 
are  aroused,  there  will  quietly  move  out  of  the  shops  on 
the  Delaware  River  the  greatest  engine  of  artillery  that 
has  ever  been  constructed  in  the  United  States  or  anv 
other  country,  and  constructed  in  the  short  space  of  time 
of  less  than  ten  weeks.  This  is  Philadelphia  engineering, 
this  is  Philadelphia  enterprise,  altho  fast  asleep,  but  it 
is  due  to  big  business.    We  must  have  big  business.  Had 
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it  not  been  for  the  United  States  Steel  Corporation,  for 
the  magnificent  engineers  which  they  threw,  without 
charge,  into  my  service  in  connection  with  this  matter, 
this  engine  of  warfare  could  never  have  been  created.  The 
side  girders  for  the  machine  only  weigh  seventy-five 
tons(  1),  and  to  be  constructed,  the  material  rolled  in  the 
mills,  and  transported  and  landed  at  Eddystone  for  final 
completion  in  six  weeks,  is  a  feat  that  never  could  have 
been  accomplished  if  we  had  not  had  a  large  organization. 

In  Washington  it  has  been  my  pleasure  to  create,  or  to 
advise  the  creation  of,  additional  supplies  for  forgings 
and  for  finished  guns.  The  hard  winter  we  have  gone 
thru  has  delayed  every  manufacturer,  not  only  the 
machine  tool  builder  and  the  forge  man,  but  the  finisher; 
but  that  delay  is  slight ;  it  will  soon  be  overcome. 

All  this  talk  we  hear  of  profiteering  is  idle  chatter. 
When  a  man  comes  to  see  me  in  Washington  and  speaks 
of  patriotism  I  say,  "  Now,  stop.  Ever)'  citizen  of  this 
country  is  as  much  a  patriot  as  you,  and  every  man  who 
treads  this  earth  on  this  side  of  the  water  is  a  patriot, 
even  if  he  does  not  know  it,  and  ultimately  that  knowledge 
will  come  to  him."  I  am  not  afraid  of  profiteering.  The 
only  thing  I  am  afraid  of  is  that  in  the  attempt  to  shine 
before  the  country,  in  the  prevention  of  profiteering  many 
of  our  manufacturers  may  be  deprived  of  a  price  that 
will  enable  them  not  only  to  put  their  best  efforts  into  the 
production  of  the  material  we  so  much  need,  but  enable 
them  to  be  somewhat  extravagant  in  the  production  of 
that  material.  At  Hog  Island  where  we  are  going  to 
build  ships  and  where  we  are  going  to  have  the  greatest 
shipyard  that  the  world  has  ever  seen,  we  have  heard  all 
sorts  of  stories,  articles  in  the  new  spapers,  regarding  profi- 
teering and  extravagance  and  everything  of  that  sort. 
Everybody  who  has  been  in  big  business  and  who  has  paid 
the  bill  himself  will  know  and  will  understand  that  you 
cannot  do  in  five  minutes  a  thing  which  ordinarily  would 
require  a  day  unless  you  arc  extravagant ;  unless  you  are 
willing  to  part  with  your  gold  to  see  the  thing  grow  rapidly 
and  be  ready  for  use.  It  is  immajcrial  what  we  pay  for 
labor.  We  must  pay  the  laboring  man  enough  to  have 
him  satisfied.  He  must  be  happy.  We  cannot  go  into  the 
detail  of  what  it  costs  him  to  live.  That  is  his  business. 
Let  him  look  after  that.  I  am  always  reminded  of  the 
story  of  the  mate  aboard  the  ship.  He  had  charge  of 
the  bow  of  the  ship,  and  one  day  they  got  into  shallow 
water — eight  fathoms — and  he  made  a  rush  for  the  cabin 
to  see  the  captain.  The  captain  was  busy  entertaining 
a  couple  of  ladies  in  the  cabin  and  did  not  want  to  be 
disturbed,  but  he  asked  for  the  report  and  when  the  mate 
said  eight  fathoms  he  said,  "  Return  to  your  end  of  the 
ship,  sir.  I  am  captain  of  this  ship."  The  mate  returned 
to  the  end  of  the  ship  and  immediately  heard  that  they 
were  in  seven  fathoms.  He  rushed  back  and  reported 
seven  fathoms,  and  he  was  immediately  ordered  back  by 
the  captain  to  his  end  of  the  ship.  When  six  fadioms 
was  called  he  ordered  the  anchor  dropped.  He  went 
back  to  the  captain,  saluted  him,  and  the  captain  looked 
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at  him  and  wanted  to  know  what  was  the  matter,  and  he 
said,  "  My  end  of  the  ship  is  at  anchor,  sir.  You  can  do 
as  you  please  with  yours."  We  want  to  look  after  our  end 
of  the  ship  and  we  also  want  to  take  it  for  granted  that 
the  other  fellow  is  looking  after  his. 

There  is  nothing  so  harmful  in  time  of  war  as  criti- 
cism. There  is  not  a  man  in  this  room  who  cannot  be 
criticized.  I  will  venture  to  say  that  if  you  gentlemen 
were  so  disposed  you  could  sit  here  all  night  and  criticize 
me.  That  is  what  is  going  on  with  some  few  people  in 
Washington.  Take  the  Ordnance  Department,  for  in- 
stance. It  is  the  most  criticized  department  in  Washing- 
ton ;  and  why  not  ?  There  is  a  great,  grand,  good  reason 
for  that  Ordnance  Department  to  be  criticized,  and  they 
deserve  it,  because  there  is  no  other  department  there 
to  criticize.  They  arc  doing  all  the  work.  They  are 
trying  to  get  this  great  machinery  ready  in  the  shortest 
possible  space  of  time.  Some  of  the  best  men  in  the 
United  States  arc  there,  and  there  are  a  few  people  in 
Washington  who  arc  not  the  best  men  in  the  United 
States,  and  it  is  those  who  are  not  the  best  in  the  United 
States  who  arc  the  most  prominent  and  loud-mouthed  in 
their  criticism  of  people  working  day  and  night  to  dis- 
charge their  obligation  to  the  people  of  this  country, 
and  many  of  them  without  compensation  therefor.  In 
connection  with  this  subject  of  criticism  I  am  reminded 
of  my  predecessor,  Mr.  Charles  T.  Parry.  lie  was  our 
philosopher.  He  was  not  only  my  philosopher  but  my 
friend  and  guide.  Once  he  said  to  me,  "  Sam,  never  dis- 
charge a  man  because  he  does  something  wrong  or  because 
he  is  no  good  in  certain  respects,  because  if  you  do  you 
have  got  to  get  a  man  to  replace  him,  and,"  he  said,  "  when 
you  get  this  fellow  to  replace  him  you  will  find  that  he 
has  just  a  few  more  faults  than  the  other  fellow  had. 
So  you  will  make  better  time  if  you  make  a  study  of  this 
man  and  correct  his  faults,  because  he  does  know  some- 
thing about  your  business.  Now,"  he  said,  "  I  had  a 
close  shave  once.  When  I  was  chief  draughtsman  I  got 
the  magnificent  salary  of  $7.50  a  week,  and  as  time  went 
on  I  made  up  my  mind  that  I  wanted  to  get  married,  and 
I  went  to  Mr.  Baldwin  and  I  said  I  want  to  get  married 
and  I  want  my  wages  raised.  He  said,  '  Charles,  how 
much  do  you  want? '  I  said,  '  I  want  $15  a  week.'  Mr. 
Baldwin  said, '  Oh,  I  cannot  do  that;  that  is  twice  as  much 
as  you  arc  getting.'  He  said,  '  I  will  give  you  $9  a  week.' 
'  No,'  I  said,  '  that  won't  do.  If  you  cannot  do  any 
better  than  $9, 1  will  wait  until  I  am  worth  $15  and  then 
I  will  get  married.'  So  I  went  off  to  my  work  and  the 
next  day  Mr.  Baldwin  sent  for  me  and  he  said.  '  Charles, 
I  want  to  have  a  serious  talk  with  you.'  '  All  right,  sir.' 
'  I  have  been  talking  to  Mr.  Hufty  about  you  '—-he  was 
the  superintendent—'  and  he  says  you  are  not  very  well 
thought  of."'  Mr.  Parry  said.  '"Is  that  so?'  'Yes.' 
•Well,  what  is  the  matter?'  'Well,'  he  said.  'Mr. 
Hufty  says  that  you  make  more  mistakes  than  any  man 
in  this  plant.'  *  Well,'  I  said.  '  Mr.  Baldwin,  I  guess 
that's  so ;  that  is  so;  I  will  admit  that.'    Then  Mr.  Baldwin 


asked,  '  Charles,  what  is  the  reason  for  all  this? '  '  Well,' 
I  said,  '  Mr.  Baldwin,  there  isn't  anybody  else  to  make 
them,  consequently  I  make  them  all.  I  make  all  the  draw- 
ings and  I  measure  all  the  sticks.'  "  In  those  days  we  did 
not  have  any  templets  or  gauges  or  anything  of  that  sort. 
A  man,  in  boring  out  a  wheel  center,  in  turning  out  the 
inside,  took  a  long  stick  and  the  draughtsman  marked 
the  distance  on  it  and  put  a  notch  in  it  with  his  knife, 
and  that  was  his  gauge.  So  his  reply  to  Mr.  Baldwin 
was  that  he  made  all  the  mistakes  because  he  did  all  the 
work,  and  Mr.  Baldwin  said,  "  All  right,  Charles,  your 
wages  will  be  $15  a  week."  Now,  I  am  willing  to  pay 
any  man  that  works  for  me  the  absolute  maximum  amount 
of  money  that  my  directors  will  permit  me,  if  he  makes 
all  the  mistakes  of  that  plant,  because  if  he  makes  all 
the  mistakes  I  will  know  he  is  handling  pretty  nearly  all 
the  work  and  he  is  my  best  man,  and  in  proportion  to  the 
number  of  mistakes  a  man  makes  in  the  ordinary  course  of 
manufacture  you  can  safely  depend  upon  it  that  he  is 
proportionately  interested  in  his  work. 

I  thank  you,  gentlemen,  for  giving  me  this  oppor- 
tunity to  express  my  views  as  to  the  preservation  of  big 
business.  I  think  it  is  the  most  important  thing  to  be 
considered.  The  war  is  nothing  to  that.  We  can  whip 
the  Germans.  \\re  can  be  successful  in  this  war,  but  if 
the  industries  of  this  country  and  the  engineering  busi- 
ness of  this  country  are  going  to  fade  away  and  go  into 
the  hands  of  people  on  the  other  side  of  the  Atlantic,  the 
war  will  have  been  useless  and  we  will  practically  be  lost. 

This  little  industry  of  which  I  spoke  to  you  on  the 
banks  of  the  Delaware  is  only  one.  Pennsylvania  to-day 
is  manufacturing  one-sixth  of  everything  that  this  country 
needs  for  this  war  and  maintaining  her  commercial  re- 
quirements. Pennsylvania  has  the  only  plants  in  this 
country  for  the  manufacture  of  large  guns,  at  Nicetown, 
Bethlehem  and  Midvale.  In  this  vicinity  we  have  the 
largest  textile  industries  of  the  world,  the  largest  small- 
arms  factory  in  the  world,  the  largest  separate  ship- 
building industry  in  the  world.  We  are  pre-eminent,  and 
yet  from  Marcus  Hook  to  Bristol  there  is  not  a  banking 
institution  in  this  city  that  has  the  slightest  idea  of  what 
is  going  on.  A  few  days  ago  I  had  the  opportunity  to 
discuss  this  question  with  some  bankers,  and  I  said  unless 
we  have  bigger  banking  institutions  in  Philadelphia  the 
manufacturing  interests  of  this  city  must  go  to  New 
York,  and  Philadelphia  and  its  merchants  will  lose  out. 
We  must  have  banks  in  Philadelphia  that  can  lend  you 
more  than  a  paltry  $500,000.  Five  hundred  thousand 
dollars  is  only  the  payroll  for  one  shop ;  and  if  a  plant,  one 
shop  doing  a  business  of  $10,000,000  a  month,  has  its  col- 
lections postponed  by  any  accident,  where  is  it  going  to  get 
money  to  continue  its  business  for  another  month  until 
these  collections  can  be  met  ?  It  is  impossible.  And  there- 
fore we  must  not  only  have  big  business  in  the  manufactur- 
ing line  but  in  the  commercial  and  financial  lines,  so  let  us 
come  up  to  the  example  set  by  big  business  and  see  that 
the  stockholders  arc  enabled  to  get  a  profit  thereon. 
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1AM  very  glad  indeed  to  have  this  opportunity  to  for  both  the  hulls  and  the  propelling  machinery  is  being 
speak  to  yon,  because  I  want  to  make  one  or  two  largely  done  at  inland  points,  such  as  Kansas  City,  St. 
suggestions  as  to  how  mechanical  engineers  can  Louis,  Indianapolis,  etc.,  etc.  The  Minneapolis  Steel 
help  in  the  work  of  building  ships.  It  is  with  the  greatest  Company  is  making  a  large  number  of  deck  winches, 
pleasure  that  I  have  heard  Mr.  Vauclain  speak  as  he  did  Windlasses  arc  being  made  at  Chattanooga,  Tenn.  Rud- 
about  the  difficulties  and  responsibilities  of  putting  thru  ders  are  being  made  in  Kansas  City,  Pittsburgh,  etc. 
large  enterprises  in  quick  time.  The  best  answer  to  the  Rudder  stocks  are  being  made  in  Geveland,  and  6000 
critics  of  the  work  of  shipbuilding  at  Hog  Island  or  the  tons  of  marine  shafting  are  being  made  at  Pittsburgh 
work  of  building  the  yard  is  obtained  by  arranging  for  for  the  Hog  Island  ships.  I  could  mention  a  great  many 
those  who  make  the  criticisms  to  go  down  and  see  what  concerns  that  have  never  done  marine  work  before  that 
has  been  done.  Undoubtedly  mistakes  have  been  made,  arc  now  making  strictly  marine  appliances.  There  is  no 
No  such  proposition  can  be  put  thru— an  island  swamp  black  art  about  the  marine  business.  Engineers  from  all 
cannot  be  turned  into  a  shipyard  employing  25,000  men  over  the  country  are  coming  forward  in  a  perfectly  mag- 
within  six  months,  without  some  oversights.   Some  of  the  nificent  way  and  filling  shops  with  the  work  for  this 


technical  heads  of  that  business  enterprise  I  was  associ- 
ated with  in  shipbuilding  work  twenty  years  ago.  1 
know  them  to  be  exceedingly  able  engineers,  and  I  believe 
the  work  is  going  steadily  ahead  and  that  a  large  number 
of  ships  will  be  rapidly  turned  out  at  that  yard. 


specific  purpose  of  driving  ships.  But  the  shops  of  the 
country  that  are  doing  this  work  are  rapidly  becoming 
filled  to  their  capacity.  There  is  not  now  in  the  country 
nearly  enough  equipment  engaged  in  producing  propelling 
machinery  and  deck  fittings  and  hull  fittings.    We  shall 


Engineers  have  more  to  think  about  now  than  they  have  to  produce  more  than  we  think  we  have  the  capacity 

have  ever  had  before.   They  have  been  called  upon,  and  for  producing  at  the  present  time.    There  arc  on  order 

are  being  called  upon,  to  "  deliver  the  goods  "  in  preparing  at  Hog  Island  180  ships — 110  of  them  are  7500  ton  dead 

this  country  and  in  helping  other  countries  to  fight.   We  weight  carrying  capacity ;  70  of  them  are  of  8000  ton 

have  more  to  talk  about  but  less  time  to  talk  and  dead-weight   carrying  capacity— and   tl»ese   ships  are 

prepare  speeches.  from  11,000  to  13,000  tons  displacement.    They  arc  in 

We  have  a  new  word  in  engineering,  and  it  is  about  the  neighborhood  of  400  feet  long  for  the  7500  ton  ships 

that  word,  or  its  application,  that  I  want  to  speak — the  and  450  feet  long  for  the  8000  ton  ships.   The  ships  arc 

word  "fabrication."  all  to  be  driven  by  steam  turbines.   The  capacity  of  the 

At  the  present  time  a  very  large  number  of  ships  have  stcam  turbine  shops  of  this  country— those  capable  of 

been  sunk— they  tell  us  some  eleven  or  twelve  million  turning  out  geared  turbines  which  are  necessary  for  mcr- 


tons.  I  do  not  know  whether  that  means  gross  tons  or 
dead-weight  carrying  capacity,  but  at  any  rate  a  tremen- 
dous quantity  will  have  to  be  replaced.  After  the  war 
there  will  be  tremendous  quantities  more  to  he  built,  and 
they  will  very  largely  have  to  be  "  fabricated,"  that  is,  the 
component  parts  will  be  made  at  distant  points  and 
brought  to  the  yards  for  assembly  into  ships.  Heretofore 
the  marine  engineering  work  of  the  country  has  been 
chiefly  done  on  the  coasts.  At  the  present  time  it  is  being 
done  largely  inland;  that  is,  the  fabrication  of  material 

•  Delivered  at  Dinner  to  the  Council  of  ihe  American  So- 
ciety of  Mechanical  Engineers,  under  the  auspices  of  the  Phila- 
delphia Section.  April  23,  1918,  Hotel  Adelphia,  Philadelphia. 


chant  ships — is  all  taken  up  for  the  next  two  years.  We 
shall  have  to  depend,  in  much  of  the  shipbuilding  program, 
on  our  old  friend  the  reciprocating  engine,  and  it  will 
be  no  mistake  to  go  back  to  that  form  of  well-tried-out 
engine.  The  economy  will  not  be  so  good  as  with  the 
geared  turbines,  but  all  things  considered  it  is  a  very 
good  machine,  and  there  are  more  shops  which  can  help 
turn  them  out  than  can  make  geared  turbines. 

To  go  back  to  this  word  "  fabrication  "— wc  are  all 
called  fabricators  at  Hog  Island.  One  man  came  into  my 
office  for  a  job  and  he  said  he  was  a  good  man  on  piping, 
but  that  he  had  applied  to  one  of  the  other  departments 
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some  time  ago  and  had  not  been  taken  on.  He  said: 
"The  man  there  asked  if  I  understood  fabrication.  I 
told  him  I  did.  I  have  been  waiting  for  a  long  time 
to  hear  from  him,  but  he  has  not  sent  for  me  to  come, 
and  I  have  since  understood  that  fabrication  means  lying, 
and  I  fear  he  has  a  wrong  impression  about  me."  But, 
for  lack  of  a  better  word,  we  speak  about  "  fabricating" 
engines  and  ships  and  all  the  parts  that  go  to  make  the 
ships.  This  will  have  to  be  done  in  shops  thruout  the 
country.  Cylinders  have  to  be  made  somewhere  for 
marine  engines;  propellers,  somewhere;  drop  forgings 
have  to  be  made  in  a  great  many  places ;  thousands  and 
thousands  of  valves  have  to  be  produced  of  all  sizes, 
from  wry  small  up  to  very  large  valves;  and  so  I  could 
go  on  and  enumerate  things  that  have  to  be  provided. 

We  have  found  in  our  experience  of  the  last  six  months 
in  placing  orders— many  million  dollars'  worth  of  parts 
that  go  to  make  up  these  ships — that  the  engineers  of  the 
country  are  eager  and  able  to  come  to  the  rescue  and  make 
parts  which,  in  many  cases,  they  have  never  made  before, 
and  never  saw  or  knew  anything  about.  The  country  is 
depending  upon  shops  wherever  there  is  equipment  that 
can  be  turned  to  making  engines.  There  arc  great  possi- 
bilities for  such  shops  to  be  useful,  and  there  are  people 
who  can  design  the  parts,  and  put  such  directions  on  paper 
as  will  enable  the  shops  to  turn  out  the  work. 

The  steel  is  coming  now.  It  seems  probable  that  we 
shall  get  steel  very  fast  and  very  soon.  The  propelling 
machinery  is  coming  along  for  120  ships.  The  orders 
now  on  hand  for  60  additional  ships  must  be  provided 
for  in  some  different  way,  because  the  shops  arc  up  to 
their  full  capacity  at  the  present  time.  In  many  cases 
the  shops  which  are  turning  out  parts  for  the  ships  can 
also  go  on  after  a  reasonable  time  and  duplicate  those 
parts  for  the  new  ships,  but  there  are  many  cases  in  which 
that  is  not  practicable.  The  present  equipment  of  certain 
shops  must  be  doubled  or  trebled.  In  some  cases  where 
shops  have  been  inadequate  but  have  an  organization 
capable  of  taking  care  of  the  work,  the  shops  have  been 
provided  with  money  and  orders  for  getting  tools  and 
increasing  their  capacity,  and  so  have  been  able  to  go  on 
with  the  work.  We  need  various  other  things  besides 
tools.  Wc  need  men  of  imagination.  Engineers  are,  in 
general,  people  of  imagination.  We  need  men  who  can 
see  the  possibilities  for  making  things  they  have  never 
made  before.  A  great  supply  of  trained  workers  are 
needed.  The  Shipping  Board  is  training  a  large  number 
of  men  for  sea  service.  It  now  has  a  program,  including 
tile  training  of  upwards  of  100.000  people  at  different 


points  in  this  country— some  5000  or  6000  of  engine- 
room  officers  and  a  similar  number  of  deck  officers,  stew- 
ards, cooks,  and  all  people  that  go  on  board  a  boat  are 
being  trained  under  the  recruiting  service  of  the 
Shipping  Board. 

We  have  here  in  the  city  of  Philadelphia  a  very  large 
marine  engineering  school  meeting  nightly  at  the  Bourse, 
and  there  is  a  navigation  school  at  the  University  of 
Pennsylvania,  classes  meeting  every  day  and  every 
evening. 

The  training  ship,  Calvin  Austin,  is  taking  out  crews 
every  week  from  the  city,  giving  them  a  certain  amount 
of  training.  That  is  being  done — but  people  must  also 
be  trained  for  the  shipyard  at  Hog  Island.  There  is  now 
a  school  at  the  Island  in  which  crews  of  men  are  being 
trained  to  handle  individual  parts  of  the  installation  work 
on  the  ships. 

There  arc  two  template  ships,  or  spaces.  They  are 
large  buildings  in  which  one  initial  set  of  machinery 
for  each  type  of  vessel  is  being  erected.  It  has  been  ex- 
pedited ahead  of  the  rest  of  the  machinery  and  is  being 
put  together  there  by  the  men  who  will  do  the  erecting 
aboard  ships.  The  purpose  is  not  only  to  train  the  men 
to  go  at  the  work  expeditiously,  but  to  check  up  the 
material  as  it  comes  in  to  see  that  it  will  go  together  and 
to  make  templates  for  piping  and  other  parts.  When  you 
are  ordering  material  for  70  ships  or  110  ships,  you  must 
be  pretty  nearly  sure  that  it  is  right,  as  you  order  it,  and 
that  is  the  purpose  of  the  template  work. 

It  is  very  important  to  be  sure  of  getting  enough 
material.  It  is  not  sufficient  to  know  that  you  can  get 
part  of  it,  but  you  have  to  get  it  all,  and  then  double  and 
treble  what  we  think  is  needed  at  the  present  time.  So 
there  is  a  real  problem* before  all  the  engineers  in  this 
country,  in  developing  the  resources  of  our  shops  so  that 
they  can  do  things  which  they  have  never  done  before, 
but  which  they  have  demonstrated  within  the  past  six 
months  they  are  able  to  do.  From  the  response  that  has 
been  made  from  those  who  have  gone  into  the  work 
already  the  engineers  of  the  country  are  enthusiastically 
behind  the  shipbuilding  program.  Those  who  arc  criti- 
cising it  are  very  largely  the  men  at  a  distance  who  do 
not  know  what  is  being  done.  It  has  often  been  said 
"  the  man  we  don't  like  is  the  man  we  don't  know."  As 
more  of  the  industries  turn  'their  attention  to  the  present 
need  for  marine  machinery,  an  increasing  interest  and 
loyalty  will  result,  and  will  enable  us  to  build  up  a  tre- 
mendous merchant  marine.  This  is  certainly  of  first 
importance  at  the  present  time. 
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WE  talk  of  a  war  in  Europe.  If  we  used  language 
with  accuracy  w'c  should  not  talk  of  a  war  in 
Europe.  There  is  no  war  in  Europe.  ITicrc  is  a 
posse  comitatus  summoned  from  the  various  civilized 
nations  of  Hie  world  to  protect  the  peaceable  nations  of 
Europe  from  the  worst  and  most  efficient  brigandry  the 
civilized  world  has  ever  seen. 

This  is  not  rhetoric;  it  is  a  calm,  simple,  accurate, 
scientific  statement  of  facts. 

The  classical  definition  of  war  is  furnished  by  Charles 
Sumner  in  an  address  on  the  "  Grandeur  of  Nations," 
delivered  in  Boston  in  1845,  based  on  authorities  then  and 
there  by  him  cited,  and  accepted  ever  since  as  an  authori- 
tative definition.  It  is  substantially  m  these  words :  "  War 
is  a  conflict  between  the  armed  forces  of  nations  under 
international  law  to  determine  a  question  of  justice  be- 
tween them." 

There  are  two  things  necessary  to  make  a  conflict  war. 
It  must  be  to  determine  a  question  of  justice,  and  it  must 
be  under  international  law.  There  is  no  question  of  jus- 
tice at  issue  in  Europe  to-day.  When  this  war  was  begun 
in  Germany  her  prime  minister  said  to  the  Reichstag: 
"  We  arc  going  to  do  an  act  of  injustice  to  Belgium;  we 
shall  try  to  repair  it  afterwards." 

In  1913,  the  year  before  that  declaration,  Bernhardt, 
one  of  the  leaders  of  the  military  party  in  Germany,  had 
said  :  "  War  is  a  biological,  a  moral  and  a  Christian  neces- 
sity." He  had  said :  "  We  are  going  into  this  war,  among 
other  things,  so  to  crush  France  that  she  can  never  cross 
our  path  again." 

Four  weeks  ago,  a  paper  appeared  before  the  public 
issued  from  the  pen  of  a  German  prince,  who,  in  1914,  was 
the  German  ambassador  to  England.  In  that  paper  he 
declares  explicitly  that  Germany  egged  Austria  on  to 
make  war  against  Servia,  that  Germany  refused  the 
urgent  entreaties  of  Italy,  France,  England  and  Russia  to 
attempt  a  peaceable  settlement  of  the  controversy.  And 
he  unmistakably  declares  tliat  Germany  is  guilty  of  having 
brought  this  war  upon  Europe  and  with  that  paper  was 
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published  another  by  an  ex-director  of  Krupp's,  carrying 
home  to  the  Kaiser,  the  emperor  of  Germany,  that  guilt. 

In  1900,  the  Kaiser,  in  the  dedication  of  a  monument, 
declared  that  his  ambition  was  to  re-establish  a  Roman 
Empire,  giving  to  Germany  the  same  domination  of  the 
world  that  the  Roman  Empire  had  in  the  first  century. 

In  the  face  of  these  facts,  it  is  impossible  to  say  that 
there  is  any  question  of  justice  to  be  determined  in  this 
war.  I  must  call  it  war,  because  there  is  no  other  short 
word  to  use. 

Nor  is  this  war  conducted  under  the  sanction  of  inter- 
national law.  Germany  has  openly,  flagrantly,  avowedly, 
and  with  frankness,  let  us  give  her  credit  for  that  virtue, — 
she  has  openly  and  avowedly  declared  that  she  docs  not 
recognize  the  laws  of  nations,  that  she  does  not  recognize 
the  laws  of  war,  that  she  does  not  recognize  the  laws  of 
humanity,  that  she  does  not  recognize  the  laws  of  God. 

"  Thou  shalt  not  steal."  She  has  robbed  France  and 
Belgium  of  their  iron  and  their  coal ;  she  has  robbed  their 
banks  of  their  money ;  she  has  robbed  their  churches  of 
their  treasures ;  she  has  robbed  the  homes  of  their  pictures 
and  their  statuary  and  their  furniture,  and  what  she  could 
not  carry  away,  she  has,  in  her  wantonness,  destroyed. 

"  Thou  shalt  not  kill."  She  has  not  only  killed  sol- 
diers in  open  warfare— she  has  murdered  men,  women 
and  children,  not  a  few,  but  by  the  score,  by  the  hundreds, 
by  the  thousands. 

"  Thou  shalt  not  commit  adulter)  ."  Her  soldiers,  with 
the  apparent  sanction  of  the  government,  certainly  with 
no  opposition  from  the  government,  have  raped  more 
women  than  has  ever  been  known  before  in  the  history 
of  warfare. 

I  could  not  believe  these  things  to  be  true.  I  thought 
them,  at  first,  the  exaggerations  of  newspaper  reporters. 
Then,  I  thought  them  to  be  the  extravagant  outbursts  of 
individual  soldiers  in  violation  of  law.  But  I  have  com- 
pared more  or  less  carefully  the  commissions  issued  first 
by  Belgium,  then  by  France,  then  by  England,  in  which 
these  outrages  have  been  investigated,  with  names,  dates 
and  places  given  in  detail  with  affidavits  to  substantiate 
the  charges. 
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Germany  has  been  asked  by  Great  Britain  to  unite  with 
her  in  an  investigation,  and  Germany,  by  refusing  to  share 
in  such  an  investigation,  has  pled  guilty  to  die  charge. 
But  that  is  not  all.  In  our  Civil  War,  Mr.  Lincoln  ap- 
pointed a  commission  to  prepare  rules  of  warfare,  and  it 
is  said  that  after  the  military  officials  had  prepared  them 
he,  if  I  may  use  a  somewhat  barbaric  phrase,  "  cnglishcd  " 
them.  Iliose  rules  of  warfare  prepared  by  our  government 
under*  Lincoln's  beneficent  administration,  became  the 
basis  of  the  rules  of  war  accepted  by  the  Hague  Tribunal. 

Compare  these  sets  of  rules  of  war,  that  of  America, 
that  of  the  Hague  Tribunal  and  those  established  by  the 
German  war-book.  According  to  the  rules  of  civilized 
warfare,  war  is  conducted  against  the  army  of  the  enemy. 
According  to  the  German  war-book,  it  is  conducted  against 
the  people  of  the  country.  According  to  the  rules  of 
civilized  warfare,  churches,  hospitals,  libraries,  public 
buildings,  are  as  far  as  possible  to  be  guarded  from  de- 
struction. According  to  the  German  war-book,  they  are 
to  be  destroyed.  According  to  the  laws  of  civilized  war- 
fare, the  property  of  non-combatants  is  to  be  generally  re- 
garded as  sacred,  unless  great  exigencies  require  destruc- 
tion. According  to  the  German  war-book,  the  property  of 
non-combatants  is  to  be  destroyed  for  the  purpose  of 
producing  terror.  According  to  the  laws  of  civilized  war- 
fare, the  captives  taken  in  war  may  be  used  in  peaceful 
industries,  but  not  for  maintaining  the  armies  or  manu- 
facturing the  munitions  to  be  used  against  their  own 
kinsfolk.  According  to  the  German  war-book,  they  may 
be  so  used. 

The  laws  of  war  and  the  laws  of  nations  have  been 
ruthlessly  set  aside.  Nor  is  that  ail.  The  crimes  that 
have  been  committed  by  these  bands  of  brigands  have  been 
glorified.  They  have  been  proud  of  their  booty.  They 
have  organized  triumphant  processions.  They  have 
struck  off  medals ;  they  have  sung  hymns  of  praise ;  they 
have  preached  sermons  in  their  pulpits  and  addresses  on 
the  platforms  in  praise  of  the  men  who  have  committed 
these  unspeakable  crimes. 

I  repeat — it  is  not  rhetoric ;  it  is  simple,  calm,  historic, 
scientific  statement  of  a  fact  that  in  Europe  the  Allies  are 
fighting  to  protect  lands  of  peace  from  brigandry.  The 
question  is,  What  is  brigandry  ?  The  definition  in  the 
"  Century  Dictionary  "  has  only  five  words.  You  can 
easily  remember  it.  "  Highway  robbery  by  organized 
gangs."  Was  there  ever  highway  robbery  conducted  on 
so  enormous  a  scale  by  so  ruthless  and  unscrupulous  a 


gang  as  what  Henry  Van  Dyke  has  well  called  "  the 
predatory  Potsdam  gang." 

I  have  been  asked  to  speak  to  you  on  this  theme, 
"  Democracy  or  Autocracy— Which  ?  "  What  do  we 
mean  by  democracy?  It  is  not  a  mere  form  of  govern- 
ment. France  is  a  republic  and  Italy  is  a  monarchy,  and 
Italy  is  as  truly  a  democracy  as  France.  America  is  a 
republic  and  England  is  a  monarchy,  and  England,  in 
some  respects,  is  more  democratic  than  the  United  States. 

Democracy  is  not  a  political  opinion.  It  is  a  religious 
faith ;  it  is  faith  in  our  fellow-men ;  it  is  faith  in  one  an- 
other ;  it  is  respect  for  each  other's  rights ;  it  is  regard 
for  each  other's  opinion;  it  is  human  brotherhood,  and 
its  name  or  its  motto  might  well  be  that  which  you  have 
made  the  name  of  your  city— democracy  is  the  land  of 
brotherly  love. 

Nor  is  autocracy  a  form  of  government.  I  will  not 
go  into  the  history  of  the  past.  Enough  to  say  that  autoc- 
racy as  we  face  it  to-day  in  Europe  is  organized  brigandry 
which  denies  the  elemental  rights  of  humanity,  the  right 
to  live,  the  right  to  liberty,  the  right  to  the  pursuit  of 
happiness. 

Any  man  who  proposes  a  compromise  or  a  peace  nego- 
tiation with  this  band  of  brigands  is  guilty  of  treason  to 
the  kingdom  of  liberty. 

I  am  a  Christian  minister.  I  am  glad  here,  and  on  all 
occasions,  to  acknowledge  Jesus  Christ  as  my  Lord  and 
Saviour  and  my  Master.  I  take  my  commands  from  Him. 
I  can  honestly  say  that  I  have  no  desire  so  great  as  to 
have  something  of  His  spirit,  no  wish  for  my  life  so 
great  as  to  be  His  follower.  I  naturally  turn  to  the  book 
in  which  His  name  is  enshrined  for  my  commission.  I 
find  it  in  the  words  of  the  oldest  prophet  of  the  Old 
Testament.  "  The  serpent  shall  bruise  man's  heel ;  man's 
heel  shall  bruise  the  head  of  the  serpent."  The  head  of 
the  serpent  is  upraised  with  wrath;  its  very  breath  is 
poison  and  we  have,  perhaps,  a  difficult  task  to  get  our 
heel  on  its  head,  but  when  we  do,  we  will  grind  it  to 
powder. 

I  turn  the  pages  over  to  the  New  Testament,  and  I 
find  there  the  commission  of  my  Master  interpreted  to  me 
in  these  words :  "  They  that  take  the  sword  shall  perish 
by  the  sword."  Not  by  earthquake,  not  by  peacefulness, 
not  by  thunderbolt,  but  shall  perish  by  the  sword  in  the 
hands  of  man.  We  have  that  sword  given  to  us  by  our 
Master,  and  we  will  not  sheathe  it  until  the  predator)' 
Potsdam  gang  has  perished  from  the  face  of  the  earth. 
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By  DAVID  S.  LUDLUM 

PRESIDENT  ACTO  CAB  COMPANY 


I WAS  one  of  a  small  party  to  go  to  France  and  study 
the  motor  transport  service  of  the  army;  that  was 
our  mission.  It  was  not  so  much  to  study  it  over 
there  as  it  was  to  get  at  first  hand  what  they  were  doing 
over  there  and  what  you  needed  to  do  over  here,  to  make 
it  possible  for  them  to  carry  out  over  there  the  plan  that 
has  been  worked  out.  The  motor  transport  service  is  a 
new  department  in  the  quartermaster's  department.  It 
has  been  authorized  under  General  Order  No.  38  by  the 
General  Staff.  It  is  a  long,  long  step  in  the  right  direc- 
tion. The  officers  of  the  Army  who  had  gone  to  France 
several  months  ago  studied  the  motor  transport  neces- 
sity, analyzed  what  was  going  to  be  necessary,  and  worked 
out  a  most  comprehensive  plan  and  method  of  operation. 
Their  plan  has  been  endorsed  by  the  General  Staff  in 
Washington  in  its  entirety,  and  I  think  that  is  a  big  step  in 
the  right  direction  because  it  has  all  been  done  within 
the  last  few  months. 

That  means  that  the  motor  transport  service  in  con- 
nection with  the  United  States  Army  in  assisting  to  win 
this  war  is  a  very  important  army. 

When  you  consider  that  it  will  be  necessary  to  use 
between  50,000  and  60,000  trucks  in  France,  for  every 
million  men  we  take  over,  it  means  that  this  is  a  big 
proposition.  The  motor  transport  service  is  based  on 
good  common-sense  business  principles.  It  means  this, 
that  hereafter  all  of  the  motor  vehicles  used  by  the  Army 
for  each  department  will  be  purchased  by  the  motor 
transport  service,  and  I  think  this  Society  has  been  very 
much  honored  by  the  appointment  this  last  week  of  one 
of  your  fellow  members — Colonel  Frederick  Glover,  of 
Rockvillc,  111.,  as  chief  of  the  motor  transport  ser- 
vice in  the  United  States.  He  has  a  very  important 
position  to  fill.  That  means  that  the  service  will  purchase 
the  cars,  will  inspect  the  cars  at  the  factories,  will  operate 
the  cars  from  the  factories,  if  they  go  over  the  highways, 
to  the  seaboard,  will  crate  the  cars  if  they  are  going  to 
be  crated,  disassembled,  likewise  the  parts,  and  inspect 
them  and  follow  them  thru  to  the  seaboard.  They  arc 
turned  over  to  the  transports  on  the  other  side ;  they  are 
met  at  their  receiving  ports  at  the  docks  by  the  motor 
transport  service  again,  who  take  them  right  in  the  same 
department,  unload  them,  reassemble  them  if  they  have 
been  disassembled,  and  operate  them  again  thruout  France 
and  wherever  they  go  and  also  maintain  them.  It  is  one 
complete  organization.    That  operation  remains  under 
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the  M.  T.  S.  up  to  one  last  point.  Those  cars  that  go 
into  a  division  as  a  division  unit  are  turned  over  then 
to  the  commander  of  the  division.  It  means  that  practi- 
cally seventy-five  per  cent,  of  all  the  cars  in  France  will 
continue  to  operate  under  the  motor  transport  service 
and  under  one  head. 

When  we  went  abroad  we  went  into  Bordeaux,  and 
a  few  miles  out  of  Bordeaux,  along  the  River  Gironde, 
we  are  building  a  dock  that  is  about  five  miles  in  length 
which  will  be  used  by  all  the  boats,  or  a  large  number 
of  them  will  use  that  port  to  transport  material  to  France. 
These  docks  are  nearly  completed.  It  was  a  great  sight 
going  up  the  River  Gironde  at  about  eleven  o'clock  in 
the  morning.  We  had  about  two  hundred  marines  on  our 
boat,  and  one  hundred  and  fifty  American  soldiers.  We 
had  about  eight  hundred  Russian  recruits.  We  had  Red 
Cross  workers.  Young  Men's  Christian  Association 
workers.  Salvation  Army  workers,  Young  Women's 
Christian  Association  workers,  newspaper  correspond- 
ents, some  American  officers,  some  French  officers  who 
were  on  their  way  back  after  having  been  here  in  Amer- 
ica after  a  leave  of  absence,  and  as  we  were  going  by 
these  docks  the  marine  band  on  our  boat  started  to  play 
"  The  Star  Spangled  Banner."  The  workmen  all  stopped ; 
our  soldiers,  black  and  white,  stopped  to  come  down  to 
the  edge  of  the  docks  all  the  way  along  that  five  miles, 
and  cheer  after  cheer  went  up.  It  was  a  great  reception 
for  all  of  us,  because  the  trip  across  of  twelve  days  was 
taken  by  us  all  alone,  our  boat  did  not  have  any  convoy; 
we  simply  slipped  out  of  New  York  and  slipped  into  port, 
and  it  was  really  a  very  inspiring  moment. 

At  Bordeaux,  as  at  other  ports,  getting  back  to  motor 
transportation,  we  arrived  at  what  we  call  Reception 
Park.  At  Reception  Park  they  have  a  repair  department 
so  that  if  anything  comes  over  there  smashed  or  broken 
it  may  be  repaired  and  they  have  trained  drivers  where 
they  start  the  trucks  across  the  country.  When  I  say 
across  the  country,  practically  most  of  you  have  looked  at 
the  dotted  line  of  the  battle  front,  and  we  have  from 
three  hundred  and  fifty  miles  to  five  hundred  miles  to 
cross,  depending  upon  what  fort  wc  take  our  supplies 
to,  to  transport  a  very  large  portion  of  everything  that  we 
arc  going  to  take  to  the  boys  to  the  front.  I  am  making 
that  statement.  It  is  not  intended  in  any  way  to  depre- 
ciate what  the  railroad  engineers  are  doing.  They  are 
doing  wonderful  work,  but  we  have  to  transmit  a  tre- 
mendous amount  of  material  to  that  front,  and  we  must 
do  it  over  the  highways,  and,  speaking  of  highways,  they 
have  thcin  there.    In  France  are  the  greatest  roads  that 
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I  have  ever  seen.  If  they  did  not  have  them  it  would 
be  a  very  serious  situation — this  war — and  we  would  be 
in  a  very  serious  position  and  be  of  very  little  help  for  a 
long  while  to  come ;  but  fortunately  they  have  them,  and 
I  hope  that  some  day  we  will  have  them  here  or  some- 
thing similar  to  them.  The  motor  transports  are  directed 
from  this  one  head  at  a  general  headquarters  in  a  certain 
city  in  France,  very  properly  picked  out.  They  arc 
directed  to  their  respective  designations,  no  matter  where 
that  may  be,  and  that  direction  must  go  from  the  central 
point.  In  the  central  part  of  France  there  was  being 
erected  and  is  now  probably  finished,  the  largest  service 
station  and  supply  depot  that  the  world  has  ever  seen — 
entirely  for  motor  trucks.  It  is  capable  of  expansion  for 
every  department  without  any  reconstruction.  That  plan 
was  all  worked  out  here  in  Washington  by  the  men  whose 
duty  it  was  to  undertake  it,  and  the  three  thousand  men — 
the  first  units  to  take  charge,  together  with  their  machin- 
ery and  the  material  for  their  buildings,  together  with 
every  conceivable  thing  necessary  for  the  establishment 
of  that  plant — arrived  in  France  practically  at  the  same 
time.  Thru  that  plant  everything  will  radiate;  all  parts 
will  be  supplied  from  there  to  the  front.  In  that  plant 
all  cars,  no  matter  what  make,  will  be  overhauled — not 
the  car  itself  but  the  units  thereof,  and  from  there  they 
will  go  out  to  various  other  repair  stations,  and  from 
there  go  to  the  mobile  station,  so  that  under  the  plan 
which  is  now  functioning  we  are  going  to  have  the 
best  automobile  motor  service  of  any  army  in  the  world. 

The  question  has  just  been  asked  me  whether  these 
five  miles  of  docks  are  being  built  by  American  engineers. 
I  want  to  say,  yes.  I  want  to  say  to  you  that  I  saw  the 
engineers  there  widening  the  railroad  tracks,  building 
bridges,  mending  the  roads,  mending  shell  holes;  I  saw 
them  mend  a  shell  hole  and  we  were  over  it  an  hour  after 
it  had  been  blown  up  and  it  was  all  mended.  The  engi- 
neers and  the  signal  corps  were  working  right  together. 
I  saw  them  putting  up  telegraph  poles  and  wires  which 
had  been  knocked  down  not  an  hour  before,  and  the  engi- 
neers are  doing  wonderful  work.  I  do  not  know  whether 
they  have  only  one  army  in  the  United  States,  but  I  know 
we  have  one  army  over  there,  and  each  department  is 
up  to  the  other  fellow.  It  is  unification  right  straight  thru. 

I  was  in  an  automobile  repair  station.  One  of  the 
engineers  came  in  to  get  a  job  done.  Incidentally  I  had 
a  tooth  filled  in  the  same  repair  station,  because  I  broke 
it  off.  I  mean  that.  I  turned  to  the  colonel  in  charge 
and  I  said,  "  I  broke  a  filling  out  of  one  of  my  teeth." 
He  said,  "  Wait  a  minute."  He  telephoned  for  a  man 
to  fill  it.    He  had  a  dentist  there. 

I  speak  of  that  repair  station  just  to  give  you  a  sim- 
ple idea  of  what  is  being  done.  The  stock  room  and 
store  room  for  parts  and  units  is  laid  out  for  300,000 
square  feet  on  one  floor.  I  am  a  little  bit  familiar  with 
distances  in  the  city  of  New  York.  It  is  the  space  be- 
tween 23rd  and  24th  Streets  and  8th  Avenue  and  11th 
Avenue  inclusive  in  New  York.    I  am  inclined  to  think 
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that  they  will  have  to  have  roller  skates  and  bicycles 
probably  to  get  around  it.  But  there  is  no  need  of  doing 
it  half-way,  and  we  arc  not  going  to  do  it  half-way  so 
far  as  the  motor  transportation  is  concerned.  It  is  a 
great  big  job  they  have  on  their  hands  and  they  are  going 
to  do  it  in  a  great  big  way.  While  I  am  speaking  of  that 
great  big  job,  I  want  to  say  we  have  a  great  big  job. 
Mr.  Mussclman  asked  me  what  I  wanted  to  talk  about, 
and  I  told  him  that  I  did  not  know  that  I  wanted  to  talk 
at  all.  "  Well,"  he  said,  "  your  observations."  There 
is  one  observation  I  came  back  with,  and  that  is  that  we 
have  a  great  big  job  on  our  hands.  I  can  state  absolutely 
that  I  know  just  when  this  war  is  going  to  stop — and  it 
is  not  going  to  stop  until  then — and  that  is  when  Ger- 
many is  licked.  And  Germany  is  not  licked  yet  She 
has  given  no  evidence  of  it.  And  we  do  not  want  to  make 
believe  that  she  is  licked,  and  I  think  the  biggest  message 
I  can  pass  out  to  you  to-night  is  that  we  want  to  go  at 
this  war  in  a  great  big  way.  My  idea  of  a  big  way  may 
be  different  from  some.  Some  think  the  big  way  is  to 
drop  all  their  business  and  everything  else  as  a  non- 
essential. I  do  not  think  so.  I  do  not  think  that  is  the 
big  way.  That  is  the  big  way  to  let  Germany  get  a  victory 
over  the  United  States.  Germany  would  be  very  glad 
if  she  could  make  us  poor,  but  she  cannot  make  us  poor. 
We  will  not  let  her  make  us  jK>or.  But  we  ought  to  plan 
this  war  for  four  years'  duration  from  to-day,  and  then, 
as  each  month  or  each  three  months  go  by,  or  each  six 
months,  if  the  war  is  not  over,  plan  that  as  six  months 
we  have  consumed  on  the  other  preparation,  and  keep 
prepared  all  the  time  for  four  years  ahead.  Figure  out 
approximately  how  many  men  we  can  use  and  how  many 
pairs  of  shoes  we  can  use  and  how  much  clothing,  how 
many  guns  and  ships  we  want  during  the  next  four  years. 
If  we  guess  wrong  fifty  per  cent.,  all  right;  if  we  have 
guessed  right  fifty  per  cent.,  prepare  for  it  and  go  at  it 
and  we  will  win  this  war  without  a  great  big  sacrifice 
of  our  business  industries  in  this  country,  or  a  big 
sacrifice  of  men. 

When  I  arrived  home  from  France  I  happened  to  go 
into  a  hotel,  the  30th  day  of  April,  for  lunch.  A  man 
was  making  a  speech  for  the  Liberty  Loan,  and  he  said, 
"  We  arc  going  to  be  in  Berlin  in  ninety  days."  I  could 
not  help  asking  him  the  question  why  he  wanted  to  sell  a 
Liberty  Bond  if  we  are  going  to  be  in  Berlin  in  ninety  days, 
because  if  we  were  there  would  not  be  any  need  of  selling 
any  more.  We  would  not  need  anything  more  to  go  over 
there,  we  would  have  enough  over  there,  because  it  would 
be  humanly  impossible  for  us  to  get  into  Berlin  in  ninety 
days,  or  even  a  good  deal  longer  time. 

Another  thing  that  struck  me  when  I  got  home,  and 
that  was  people  said,  "  Why,  you  have  had  an  awful  drive 
there,  and  we  have  felt  the  effects  of  it  here.  It  has  upset 
business."  Gentlemen,  there  arc  going  to  be  more  Ger- 
man drives,  probably  some  bigger  than  the  last.  There 
are  going  to  be  more  Liberty  Loan  drives.  We  have  sim- 
ply got  to  learn  how  to  go  on  and  do  business  and  handle 
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our  business  and  equip  our  men  and  get  out  what  is  neces- 
sary for  this  war  without  becoming  hysterical  about  it  or 
upset  about  it.  If  wc  do,  Germany  is  going  to  win  a 
victory  over  the  United  States,  altho  she  will  not  win  the 
war.  We  must  keep  our  wheels  of  industry  going  around, 
and  if  I  can  pass  that  message  along  to  anybody  at  all 
that  can  use  any  influence  to  get  their  concern  to  look 
ahead — the  men  in  charge  of  their  plant  to  look  ahead 
for  four  years  all  the  time,  I  hope  I  have  done  some  little 
good.  I  am  going  to  look  four  years  ahead  so  far  as  our 
concern  is  concerned.  I  am  going  to  do  something  else 
that  we  have  been  probably  careless  about,  because  I  feel 
if  that  is  done  by  everybody  we  will  not  lose  any  man 
power  in  this  country,  even  tho  we  put  five  or  six  million 
men  in  France,  which  I  believe  we  will  have  to  do  before 
we  win  or  help  to  win  this  war.  We  make  a  great  mis- 
take in  saying  that  u*e  will  win  the  war.  France.  Eng- 
land  and  Italy  have  done  great  work,  and  the  best  that  we 
can  do  is  to  help  them  to  win  it.  We  had  enough  ineffi- 
ciency and  idleness  in  this  country  prior  to  our  entering 
the  war  to  take  the  place  of  every  man  that  is  going  to  be 
necessary  to  send  over  and  to  supply  him  with  everything 
he  is  going  to  need,  if  we  will  just  take  up  the  slack  that 
we  had  prior  to  the  war.  What  we  want  is  increased 
efficiency  out  of  everything,  and  we  are  going  to  get  it, 
and  the  boys  over  there  deserve  it. 

You  would  feel  very  proud  if  you  could  sec  the  boys 
in  the  various  cities  in  France  the  way  it  was  my  pleasure 
to  see  them.  We  visited  a  large  section  of  France.  The 
cheerfulness  and  the  determination  on  their  faces  showed 
the  lives  they  are  leading.  Our  boys  in  France,  gentle- 
men, are  leading  clean  lives.  You  see  that  in  the  small 
town,  you  see  it  in  the  large  city.  Our  military  police  in 
Paris  and  other  cities — and  they  have  a  splendid  police 
force — it  is  a  great  sight  to  see  them  in  the  various 
towns  and  cities. 

Now  a  word  about  the  spirit  of  the  boys.  We  were 
wandering  around  the  various  cities  at  night,  and  in  civil- 
ian clothes  you  can  learn  a  great  deal  more  than  with  a  uni- 
form on.  I  told  the  colonel  one  night  that  he  ought  to 
borrow  my  clothes  and  fuss  around  at  night  with  the 
privates  and  he  would  get  some  information.  One  night 
wc  went  out  to  take  a  walk  and  we  met  a  young  fellow, 
and  he  tried  to  ask  us  a  question  in  French.  We  said 
in  English.  "  What  do  vou  want?  "  He  said,  "  Mv  God! 
are  you  Yankees?  "  We  said,  "  Yes."  He  said,  "  Come 
here,  fellows,"  and  in  about  two  minutes  we  had  twenty- 
five  around  us,  and  they  were  all  very  cheerful.  They 
were  a  fine  lot  of  fellows.  One  of  them  wanted  to  know 
if  I  knew  where  Camden  was.  Another  if  I  knew  any- 
thing about  Hoboken,  and  another  fellow  spoke  of  Cin- 
cinnati, and  we  had  a  nice  real  party  with  them.  They 
were  a  fine  bunch  of  boys.  It  happened  to  be  the  Eleventh 
Engineers,  and  I  guess  some  of  you  fellows  know  the 
Eleventh  Engineers  had  a  pretty  tough  time  of  it.  and  the 
stories  they  told  confirmed  some  of  the  stories  I  had  read. 
This  was  the  27th  of  March.    I  said  to  one  of  the  boys, 
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"  Where  arc  you  going  ?  "  He  said,  '*  Going  back  to  the 
front."  "Well,"  I  said,  "where  have  you  been?"  "  1 
had  a  furlough.  Had  a  big  time,  too."  "  Is  that  so?" 
I  said :  "  Tell  me  about  it."  "  Well,"  he  said,  "  1  will 
tell  you ;  I  saved  up  my  furlough.  I  came  over  last  July 
because  I  wanted  a  real  party  and  I  had  nine  days  coming 
to  me,  and,"  he  said,  "  I  went  down  with  a  couple  of  friends 
to  a  city  resort  which  had  been  taken  over  by  the  United 
States  Government  and  it  is  used  as  a  resting  place  for  our 
American  boys,  and  they  tell  me  it  is  everything  that  any- 
body could  ask,  and  I  think  it  is  a  great  work  there."  I 
said,  "  How  do  you  like  it  there  ?  "  He  said,  "  Fine.  You 
go  down  there  and  put  your  hand  in  a  box  and  pull  out 
a  ticket  and  get  your  room.  My  friend  and  I  got  a  peach 
of  a  room — a  big  double  room  and  a  bath."  He  said. 
'  You  know  about  a  bath  in  France,  don't  you  ? '  'I 
have  not  had  any:  let  me  go  with  you,*  he  said.  Well, 
we  went  down  to  dinner  and  were  served  by  waiters  with 
dress  coats  on.  Wc  had  a  big  dinner  and  went  to  bed  in 
a  real  bed  with  springs  in  it  and  wc  did  not  have  to  get 
up  early  the  next  morning.  Wc  got  up  and  had  such  a 
good  bath  and  shave  the  night  before  that  we  took  another 
bath  and  shave,  and  wc  went  downstairs  and  had  coffee 
and  rolls,  and  my  friend  said  to  me.  '  We  are  not  here. 
We  arc  not  alive.  We  have  got  rid  of  all  those  things 
creeping  on  us,'  and  he  said,  '  This  is  not  real  at  all.' 
I  said,  'Yes.  it  is.  I  can  feel  myself  and  know  I  am 
here."  Just  then  a  courier  came  along  and  asked,  "  Are 
you  boys  of  the  Eleventh  Engineers?"  "  Yes,"  he  said. 
"  Well,"  he  said,  "  you  must  report  back  to  the  front  at 
once."  That  was  just  one  night.  Yet  they  were  going 
back  cheerful  and  happy  to  do  their  part. 

We  are  goitig  to  win  this  war,  and  do  not  let  us  be 
impatient.  If  wc  only  can  be  patient  and  take  our  time 
and  hold  the  Germans  they  may  make  some  drives  and 
come  in  and  be  shoved  back  with  great  slaughter.  In 
that  last  slaughter,  the  best  figures  wc  had  before  we  left 
France,  from  American  officers,  was  that  the  Germans 
lost  eight  to  one.  If  they  want  to  do  that  they  can  go 
on.  We  will  take  our  time  until  Germany  is  licked.  It 
may  take  years.    It  may  take  a  long  while. 

We  have  to  use  at  least  three  to  four  men  behind 
every  man  at  the  front  in  France,  so  that  when  you  have 
four  million  men  over  there  you  have  only  one  million  at 
the  front.  We  will  take  our  time  to  get  them  over.  I 
believe  with  the  coordination  of  the  armies  as  now  laid  out 
and  the  general  plan  that  was  talked  about  by  those  in 
authority  that  if  the  United  States  will  not  become  im- 
patient and  send  them  over  equipment  and  everything  else, 
that  they  will  bring  back  ninety  per  cent,  of  all  the  men 
wc  ever  send  over.  But  if  we  do  it  the  other  way,  and 
put  up  a  cry,  "Pershing,  go  do  something!"  we  will 
slaughter  half  of  them.  I  have  a  message  from  the  front. 
Just  as  T  was  going  away  in  a  hurry — the  message  came 
for  me  to  go  on  Saturday,  and  we  left  on  a  Tuesday.  My 
little  boy  said  to  me  as  I  was  taking  him  to  school  the 
morning  I  left,  "  Daddy,  here  is  a  little  note  for  you  '* 
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He  handed  mc  a  little  piece  of  paper  and  said,  "  Will  you 
deliver  that  for  me?"  I  said.  "Yes,  son,  I  will."  It 
was  a  note  to  General  Pershing,  and  so  I  folded  it  up  and 
put  it  in  my  pocket.  Unfortunately  when  at  headquarters 
General  Pershing  was  at  the  British  front.  However, 
the  next  time  we  were  there  he  was  away  then,  and  I 
went  to  his  colonel,  and  I  said,  "  Colonel,  I  have  a  mes- 
sage for  General  Pershing  that  I  do  not  dare  go  home 
without  delivering.  It  is  a  real  message.  It  is  a  real 
thing  that  he  wants  to  be  done  by  General  Pershing,  and 
I  believe  if  the  General  got  the  message  he  would  pay 
attention  to  it."    The  message  was  as  follows : 

Rust  mom.  Pa. 

General  Pershing : 

When  you  catch  the  Kaiser,  biff  him  one  for  me. 

(Signed)  Stewart  D.  i.idli-m. 


When  I  got  home  Stewart,  after  a  little  while,  said  to 
mc,  "  Did  you  see  General  Pershing  ? "  I  said,  "  No ;  I 
am  sorry  I  did  not  see  him ;  bnt  I  did  the  best  I  could.  1 
went  to  Colonel  Collins,  his  chief  assistant,  and  I  ex- 
plained your  note  and  he  said  he  would  give  it  to  General 
Pershing."  I  saw  the  boy's  jaw  go  down.  I  was  very 
much  pleased,  however,  when  I  got  down  to  Washington 
the  other  night  to  receive  the  following  message: 

American  Expeditionary  Force. 

Master  Stewart  Lvblum  : 
My  dear  Master  Stewart, 

Your  father  handed  to  me  a  message  for  Ceneral  Pershing 
which  I  have  since  shown  to  the  General,  and  he  has  requested 
ine  to  say  that  it  is  only  a  question  of  time  when  your  suggestion 
regarding  the  Kaiser  will  be  adopted. 

Yours  truly, 

(Signed)  Colonel  Collins. 
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THE  trouble  in  America,  1  feel,  day  in  and  day  out 
in  the  work  I  have  done,  is  that  we  have  not 
come  in  contact  with  the  real  current  of  the  war, 
and  such  visits  and  travels  as  Mr.  Ludlum  has  made  have 
got  to  become  more  frequent  before  we  can  feel  the 
influence  of  the  things  going  on  over  there,  and  for  the 
lienefit  of  the  war  and  for  the  benefit  of  our  country  we 
must  get  busy  and  go  over  there,  each  and  every  one  of  us, 
and  see  with  our  own  eyes  and  feel  and  realize  the  dis- 
tress and  the  sacrifice  that  some  men  are  willing  to  make 
and  then  contrast  it  with  the  selfishness  that  some  men 
are  enjoying  in  America.  This  leads  me  up  to  the  two 
things  I  wanted  to  say,  and  they  are  in  regard  to  the 
Liberty  airplane  engine  and  the  Liberty  truck.  You  have 
read  so  much  in  the  papers  about  the  failure  of  the  air- 
plane program  that  I  am  forced  by  the  circumslances 
of  the  last  month  and  the  things  that  I  have  seen  to  remain 
silent  no  longer.  I  had  the  great  privilege,  with  Mr. 
Hachman,  of  visiting  a  factory  in  Dayton,  Ohio,  and  I 
had  the  great  pleasure  of  seeing  a  Dc  Raviland,  D.  II.  4 — 
our  combat  plane— at  the  flying  field.  Reside  it  was  an- 
other plane  with  the  finest  engine  that  is  built  abroad, 
the  Ross.  It  warmed  up  for  about  eight  or  len  minutes, 
and  we  all  anxiously  awaited  its  leaving  the  ground. 

•Delivered  at  the  Annual  Dinner  of  the  Pennsylvania  Sec- 
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The  aviator  adjusted  his  cap.  Everything  was  in  fine 
fettle,  the  motor  hitting  on  all  cylinders,  and  I  tried  to 
stand  behind  it,  and  when  it  got  away  all  I  had  was  a  suit 
of  underwear,  and  it  got  about  half  a  mile  away.  Beside 
it  was  throbbing  our  own  Liberty  motor,  in  a  plane 
identical  in  every  respect,  and  there  for  the  first  time  in 
America,  in  a  country  that  did  not  believe  in  its  own  great 
geniuses  that  have  foreseen  the  airplane  necessity,  we 
saw  the  Liberty  engine  leaving  the  ground,  and  after  the 
Ross-equipped  plane  hail  gotten  a  half  mile  start  on  it, 
it  was  only  seven  minutes  and  ten  seconds  before  they 
caught  it  at  10,000  feet.  They  talk  about  thirteen  and 
fourteen  minutes  abroad.  We  went  into  factories 
and  saw  planes  upon  planes,  and  I  am  notified  that 
the  production  last  week  was  far  beyond  that  which 
any  one  could  expect  in  that  factory.  We  had  the 
great  privilege  of  going  thru  a  department  there 
which  is  very  seldom  allowed  to  the  public,  anil  I 
had  the  great  privilege  as  an  engineer  of  entering 
a  room  which  I  supposed  by  the  talk  going  around  would 
be  shut  to  me,  and  that  was  the  repair  mom  for  the 
I.il>erty  engine,  and  yet  it  was  ojK-n.  I  want  to  say  to 
you  ;is  an  engineer  that  in  that  room  there  resided  the 
greatest  hope  of  America-  that  was  that  the  things  they 
were  repairing  were  so  modest— things  so  ordinary  that 
I  have  the  greatest  hope  and  the  greatest  confidence  that 
we  have  the  best  engine  in  the  world.    I  went  thruout 
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this  airplane  factory.  I  noted  the  way  they  were  manu- 
facturing. I  remember  that  Mr.  Clarkson  coming  from 
F.ngland  telling  me  that  in  the  most  important  factory  in 
England  manufacturing  the  best  engine  they  produced 
they  are  manufacturing  only  twenty-five  planes  a  week, 
whereas  the  Packard  factory  has  far  exceeded  that  num- 
ber in  one  day.  I  am  told  that  it  takes  150  working  hours 
to  make  one  Rodroyce  cylinder.  It  takes  one-fifteenth 
of  that  time  to  make  a  Liberty  engine  cylinder. 

In  those  eventful  days  of  a  year  ago  when  the  engi- 
neers gathered  to  design  this  motor  I  had  the  wonderful 
privilege  of  walking  in  and  out  of  that  room  during  those 
three  days  of  designing,  and  I  remember  how,  afterwards, 
we  got  together  and  kidded  ourselves  as  engineers  that 
possibly  when  the  twelve-cylinder  engine  was  made  it 
would  deliver  375  horse-power,  but  it  has  exceeded  the 
performance  of  any  engine  in  the  world.  Since  then  I 
have  heard  from  time  to  time  how  it  had  reached 375  H.P., 
390  H  P.,  how  it  had  reached  400  II. P,  420  H.P..  and 
I  have  even  heard  of  it  going  to  450  H.P.,  and  if  the 
knowledge  that  I  have  of  thermo-dynamics  is  true,  and 
the  things  that  are  going  on  in  Washington  are  true,  and 
the  things  that  have  developed  in  Dayton  arc  true,  there 
is  a  good  chance  for  the  American  engine  to  go  to  500 
H  P.  We  have  had  trouble.  Wc  have  had  to  change 
things,  and  who  has  not?  But  the  most  marvelous  thing 
in  all  this  work,  a  thing  that  the  engineer  will  appreciate, 
was  that  the  exhaust  valve  is  giving  very  little  if  any 
trouble,  whereas  some  of  the  fine  engines  that  arc  being 
built  to-day  of  the  foreign  make  will  go  to  pieces  in  eight 
hours  when  rtin  at  sea  level  with  high  compression  pistons. 
The  Liberty  engine  goes  for  days.  It  takes  one-tenth  the 
number  of  hours  to  produce  the  Liberty  engine  that  it 
takes  to  produce  a  similar  engine  abroad  by  the  other 
methods,  and  I  am  told  that  within  three  months  or  until 
about  the  first  of  September  we  will  only  be  about  200 
engines  behind  the  schedule. 

I  am  very  glad  to  testify  to  you  gentlemen  that  my 
section  passes  on  the  purchase  of  Liberty  engines  by  the 
Allies.  Whenever  an  Ally  wants  to  buy  a  Liberty  engine 
the  request  comes  thru  our  section,  and  wc  see  it  first 
and  we  call  up  and  see  if  it  interferes  with  any  of  our 
own  program.  Wc  try  to  develop  additional  sources  for 
Liberty  engines,  and  I  want  to  record  here  without  dis- 
closing any  military  secrets  that  there  are  literally  thou- 
sands of  Liberty  engines  desired  by  the  Allies  who  know 
thru  the  years  of  experience  what  an  engine  should  be. 
I  am  very  glad  to  state  to  you  that  one  of  the  disturbing 
factors  who  have  tried  to  down  the  effort  of  America  to 
produce  an  American  product  in  American  factories  in 
an  American  way,  trying  to  introduce  another  engine  in- 
stead of  a  Liberty,  have  had  that  very  engine  dumped  in 
England,  atid  that  very  factory  is  producing  another  make 
of  engine  to-day.  It  was  thru  their  pernicious  influences 
that  they  were  trying  and  have  tried  for  over  a  year  to 
disturb  the  peaceful  way  of  the  Liberty  engine,  and  yet 
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to-day  their  own  factory  in  England  is  producing  another 
engine.  1  could  go  on  in  a  great  many  other  ways  and 
show  you  the  things  we  have  seen  with  our  eyes,  and  I 
wish  you  could  sec  so  that  you  can  act  as  messengers  of 
the  truth  to  the  people  of  the  United  States  who  should 
know  it  when  they  are  asked  to  give  up  their  good  money 
for  all  this,  because  they  arc  willingly  giving  it  up  and 
they  are  not  being  told  the  truth.  Let  us  hope  that  it 
will  come  out  at  the  meeting  of  the  S.  A.  E.  after  the 
official  test  which  will  be  made  about  the  first  of  June — 
that  the  results  will  be  read  at  the  June  meeting,  and  we 
hope  that  if  there  is  no  other  body  in  the  world  that  can 
tell  the  truth  wc  will  give  it  at  that  time. 

Leaving  the  Liberty  engine  and  leaving  the  other  ques- 
tion of  the  airplane,  I  want  to  say  a  few  remarks  about 
the  track.  You  no  doubt  have  heard  and  read  many  con- 
tradictor)' statements.  On  the  first  day  of  August  wc 
arrived  with  50  engineers  in  Washington,  and  during  the 
whole  month  of  August,  which  started  with  a  temperature 
of  about  1 10  degrees  in  the  shade,  and  ended  up  I  do  not 
know  where — wc  worked  and  scrapped  and  fought  as 
doctors  and  engineers  will  trying  to  decide  who  was 
right,  and  the  month  went  by.  It  seemed  to  me  to  be  a 
long  month;  I  have  often  said  that  we  worked  forty-five 
days  in  that  month.  On  the  first  of  September  we  finally 
got  down  to  business,  a  schedule  was  made,  and  this  is 
w  hat  w  e  had  to  do.  They  said  on  the  10th  of  September 
the  drawings  would  have  to  be  done  on  this  truck,  and 
on  the  30th  of  September  the  parts  would  have  to  be 
done,  and  on  the  10th  of  October  the  truck  would  have  to 
be  running,  and  on  the  first  of  January  that  track  would 
have  to  be  in  production.  The  facts  are  that  on  the  10th 
of  September  the  trucks  were  far  enough  along  so  that  we 
could  proceed,  and  on  the  28th  of  September  the  first 
engines  running  and  on  the  10th  of  October  they  started 
for  Washington,  two  of  them— one  from  Ohio,  the  other 
from  New  York.  On  the  14th  of  October  one  of  them 
was  driven  into  Washington.  That  was  the  record  of 
producing  that  truck.  I  do  not  know  of  any  parts  being 
taken  out,  and  they  are  still  going. 

I  was  notified  last  night  that  this  month  so  far  there 
have  been  1800  trucks  produced,  and  altogether  at  the 
end  of  the  month  there  will  be  somewhere  in  the  neigh- 
1>nrhix>d  of  3000  tracks  which  will  have  been  produced, 
and  next  month  the  rate  will  probably  be  2300  to  2400 
trucks ;  and  without  disclosing  any  military  secret  I  desire 
to  say  that  it  is  faster  than  they  arc  being  shipped  abroad. 
In  the  last  week  there  has  been  a  secret  military  test, 
and  it  is  not  for  me  to  tell  you  all  the  results  of  all  the 
trucks  that  have  been  built  as  standard  trucks,  but  I  can 
assure  you  that  it  should  be  the  pride  of  all  the  members 
of  the  Society  of  Automotive  Engineers,  that  wc  have 
under  production  the  greatest  aeronautic  motor  in  the 
world  to-day  and  the  most  efficient  trucks  that  lave  been 
produced  for  this  war. 
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SOME  FUNDAMENTALS  OF  AVIATION* 

By  WILLIAM  B.  STOUT 

M  t'MBFR  OF  AIRCRAFT  BOARD 


THE  matter  of  aviation— fiying  machines— has  a 
rather  definite  distinction  in  comparison  with 
the  other  lines  of  effort  that  we  are  at  present 
engaged  in  against  the  Hun.  At  Hog  Island  there  is 
organized,  large-scale  work  on  the  shipbuilding  pro- 
grain.  In  planning  and  putting  into  effect  this  program 
the  men  in  charge  are  men  experienced  in  the  industry. 
They  know  how  the  routine  of  ship  design  can  be  organ- 
ized and  carried  thru.  They  know  how  the  material 
for  the  plates  should  be  made,  both  as  to  chemical 
structure  and  as  to  treatment ;  they  know  how  the  rivets 
should  be  spaced,  and  how  they  should  be  applied,  and 
what  kind  of  machinery  is  necessary  for  putting  them 
in,  and  all  the  allied  industries  that  relate  to  every 
detail  of  the  ship's  production.  They  know  also  how 
to  build  ways  for  launches,  and  how  to  build  all 
accessible  machinery. 

I  might  say  the  same  in  regard  to  the  truck.  When 
the  truck  was  built  we  had  a  great  many  engineers  in 
this  country  who  knew  of  automobile  design  require- 
ments and  materials  and  organizations  which  fitted  that 
type  of  production. 

When  we  started  on  aircraft,  however,  we  had  no 
engineers  in  this  country  of  sufficient  experience  to  attack 
the  gigantic  problem  of  aircraft  production  and  design, 
so  that  in  the  aircraft  program  wc  had  to  start  from 
the  ground  up;  we  had  to  learn  what  a  machine  was, 
what  it  was  for,  how  it  could  be  designed  and  what  could 
he  done  with  it.  Our  knowledge  in  this  country  as  ex- 
pressed by  the  planes  wc  were  producing,  was  very 
limited.  To  go  into  the  aeroplane  business  before  the 
war  on  account  of  patent  rights  in  the  situation  was  to 
buy  a  lawsuit,  and  ordinarily  men  of  real  business  ability 
had  not  gone  into  the  aeroplane  industry  because  they 
could  see  under  the  patent  situation  no  possibility  of 
profit.  So  that  in  starting  the  program  we  had  in  some 
ways  more  of  a  problem  than  almost  any  other  branch. 
There  was  one  satisfaction  in  it — that  the  other  countries 
were  not  very  much  further  ahead.  They  were  ahead 
by  the  measure  of  time  they  had  spent  in  the  war.  They 
were  ahead  on  design.  They  were  not  so  far  ahead  on 
production,  and  in  this  country  with  its  production 
methods  wc  have  the  possibility  of  doing  greater  things 
in  the  quantity  line  than  can  he  done  by  the  hand-fitting 
methods  of  I'urope. 

I  was  talking  with  Henry  Lcland  the  other  day,  for- 
merly of  the  Cadillac  plant  and  now  of  the  Lincoln 
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Motors  Company,  producing  only  Liberty  engines,  and 
he  was  telling  of  a  talk  he  gave  in  the  East  to  some 
manufacturers'  association,  and  he  said,  "  While  1  was 
telling  them  these  facts  about  aeroplane  and  aircraft 
some  fellow  in  the  back  of  the  house  got  up  and  said, 
'If  all  these  things  are  so,  how  about  the  failure  of  the 
aircraft  program?"'  Those  of  you  who  know  Mr. 
Leland  ntay  appreciate  the  answer.  He  said,  "  That 
kind  of  made  me  mad  at  that  fellow  for  a  few  minutes," 
and  he  said,  "  I  told  him  a  few  things." 

Mr.  Leland  is  between  75  and  80  years  of  age— 
and  he  is  a  man  who,  as  everyone  has  said,  has  been 
thru  it  several  times— and  he  always  comes  back.  A 
rubber  ball  is  never  old  as  long  as  it  bounces  back,  they 
say.  He  said,  "  When  this  man  asked  this  question  about 
the  aircraft  program  I  lost  my  temper.  I  said,  *  Look 
here,  sir;  suppose  I  were  a  gentleman  farmer,  and  there 
is  a  gentleman  who  lives  in  the  city  and  lets  some  fellow 
run  his  farm — and  I  should  come  out  to  you  some 
day  and  call  you  in  and  give  you  40  bushels  of  seed 
corn  and  I  sent  you  out  on  the  farm  and  I  would  say, 
'  Now  plant  this  seed;  I  want  to  raise  corn  this  year.' 
And  then  suppose  I  would  come  out  in  my  automobile 
two  weeks  later  and  I  looked  over  this  farm  and  I  said 
to  you,  '  Where  is  all  this  corn  I  told  you  to  raise  ? '  " 

Now,  anything  to  the  contrary,  there  arc  some  things 
being  done  in  the  aircraft  program.  We  have  heard  of 
the  Liberty  engine.  I  do  not  want  the  impression  left, 
however,  that  wc  arc  not  going  to  have  any  trouble  with 
the  Liberty  engine.  If  you  know  of  any  machine  that 
we  never  have  any  trouble  with.  I  would  like  to  know 
about  it.  No  machine  is  100  per  cent,  perfect.  Even 
Ivory  Soap  doesn't  claim  it — and  it  is  not  a  machine. 
Rut  the  fundamentals  in  the  Liberty  engine  arc  ahead  of 
any  aircraft  engine  which  has  been  built  and  is  in  produc- 
tion to-day ;  there  is  no  question  about  it.  A  certain 
Rritish  flier  came  over  here  a  few  months  ago — one  of 
their  prominent  fliers—  who  was  very  much  married  to 
a  certain  make  of  motor  which  he  had  been  flying  a 
great  deal ;  he  made  a  speech  the  other  night  before  a 
crowd  of  Englishmen  and  Canadians  in  a  certain  Ameri- 
can city;  he  was  not  talking  to  a  crowd  of  Americans 
aiming  for  effect,  but  he  was  talking  to  his  own  people 
about  things  he  knew  from  a  number  of  years  of  experi- 
ence and  flying  at  the  front  almost  since  the  war  began. 
He  said,  "  I  have  driven  every  aircraft  motor  which  has 
been  used  on  the  front  to-day;  I  have  used  them  all. 
I  know  what  they  will  do  and  what  they  will  not  do." 
and  he  said,  "  with  all  this  criticism  of  the  Liberty  engine 
to-day  I  want  to  say  that  I  have  never  been  up  behind 
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an  engine,  foreign  or  American,  French  or  Italian  or 
English,  that  will  compare  with  the  Liberty  engine." 

Now,  do  not  get  the  wrong  impression  by  that.  Sup- 
pose we  were  to  start  in  as  very  learned  men  with  all 
kinds  of  reputation  and  investigate  the  shipbuilding  work 
and  we  should  go  to  the  designers  of  the  ships  and  looking 
very  wise  .should  inquire  about  the  engines  and  we 
should  say  to  the  men  we  were  investigating,  "  I  under- 
stand that  this  5000  II. P.  engine  here  for  your  Atlantic 
freighters  drives  those  boats  at  a  certain  speed." 
"  Yes,  that's  the  thing."  "  Now,  1  understand  that  a 
little  engine  of  a  few  hundred  horsepower  in  these  de- 
stroyers drives  them  at  twice  the  speed."  "  Yes,  that  is 
so."  "  Well,  isn't  that  enough?  Your  engine  is  a  failure; 
the  small  engine  is  driving  the  boat  faster  than  your  big 
one  can."  There  is  just  about  as  much  sense  in  that  as 
to  compare  engines  in  aeroplanes.  The  results  you  get 
from  an  engine  depend  very  largely  into  what  the  engine 
is  put.  If  you  want  to  build  a  freighter,  you  do  not  build 
speed  lines  on  it.  If  you  want  to  obtain  great  speed  you 
do  not  merely  crowd  horsepower  into  anything  that  will 
float.  You  can  put  any  amount  of  horsepower  in  a  canal 
boat,  but  you  cannot  make  a  speed  boat  out  of  it ;  it  will 
only  pile  up  a  wave  in  front  of  it.  On  the  other  hand, 
you  cannot  use  a  speed  boat  for  large  carrying  capacity 
by  any  method  we  know.  The  same  is  perfectly  true  with 
aeroplanes.  We  have  to-day  in  use  planes  weighing  about 
400  pounds  complete  with  engine,  which  will  climb  ap- 
proximately 10,000  feet  in  10  minutes,  with  one  man 
and  fuel,  flying  100  and  some  miles  an  hour,  equipped 
with  an  engine  of  about  40  II. P.  We  have  also 
aeroplanes  in  use  weighing  20  tons,  with  something 
over  3000  II. P.  in  engines.  You  may  take  your  pick 
between  these  extremes;  and  so  it  is  with  ships;  you 
can  design  your  ships  between,  and  you  must. 

Performance  in  an  aeroplane  is  not  dependent  upon 
the  power  of  the  engine  but  on  what  you  put  it  in — by 
the  plane.  If  you  want  speed  you  must  have  what  we 
call  a  speed  wing  curve,  and  a  speed  wing  curve  will 
permit  you  to  travel  rapidly,  but  it  will  not  lift  as  much 
per  foot  of  surface  as  a  lifting  curve  The  lifting  curve 
has  quite  a  steep  angle  to  it  so  that  it  will  strike  the  air 
at  a  steep  angle ;  but  if  you  try  to  crowd  such  a  plane  to 
high  speed,  as  your  speed  increases  the  pressure  against 
it  greatly  increases,  and  you  have  a  pressure  on  the  nose 
which  builds  up  a  bow  wave.  We  found  this  to  be  true 
by  a  test.  For  instance,  we  took  one  of  these  planes 
that  were  formerly  fitted  with  a  200  H  P.  engine  of 
a  certain  make.  We  put  a  Liberty  engine  in  it  of 
practically  double  the  horsepower  with  almost  the  same 
weight.  The.  public  would  immediately  damn  the  Lib- 
erty motor  because  the  plane  was  only  about  seven  or 
eight  miles  an  hour  faster.  Suppose  you  should  take  a 
canal  boat  puffing  along  at  five  miles  an  hour  and  double 
the  horsepower  of  the  engine.  I  doubt  if  you  would  get 
six  miles  an  hour.  And  so.  if  you  take  a  slow  type  plane 
you  are  going  to  get  slow  results,  because  it  is  not  built 
at  the  flat  angles  which  are  required  for  high  speed. 

336 


It  does  not  matter  what  the  horsepower  of  your  plane 
is,  or  your  engine,  you  can  get  the  same  results  with 
40  H.P.  that  you  can  get  with  4000  H.P.,  except 
for  useful  load;  you  can  get  the  same  speed  and  the 
same  climb,  but  you  cannot  carry  the  same  load.  You 
cannot  transmit  that  pow  cr  with  as  great  a  range.  You 
can  take  a  motor  car  and  put  on  a  gear  ratio  and  acceler- 
ate at  slow  speed  for  hill  climbing  to  a  tremendous  high 
speed  for  a  level  smooth  road,  and  use  your  gears  for 
low  speed.  The  same  is  true  of  the  aeroplane.  The 
new  problems  that  come  up  that  are  going  to  disap- 
point us  for  a  while  as  regards  the  plane  are  the  things 
that  always  disappoint  us  in  a  car.  We  arc  going  to 
have  comparatively  little  trouble  with  the  Liberty  en- 
gine, and  when  you  remember  what  tremendous  service 
facilities  we  can  obtain  because  of  the  interchangeabilitv 
of  parts  which  no  other  engine  has,  we  will  have  less 
trouble  with  the  Liberty  than  with  any  other  type  of 
engine.  We  will  have  practically  no  trouble  with  tne 
planes;  and  you  will  remember  that  in  your  motor  cars 
you  have  practically  no  trouble  with  your  engines  now, 
and  you  have  practically  no  trouble  with  the  car;  you 
have  most  of  your  trouble  with  the  connection  between 
the  two — your  wiring,  your  piping,  your  coupling  of  the 
engine  to  the  frame.  Everything  down  the  line  between 
the  engine  and  the  car  is  what  gives  you  the  most  trouble 

We  arc  getting — I  might  say — into  a  period  of  de- 
velopment of  the  connecting  details,  if  you  can  call  it 
that.  We  have  just  gone  thru  that.  You  have  heard 
that  the  Liberty  engine  overheats,  perhaps.  If  you  put 
a  radiator  on  a  car  that  is  only  half  big  enough  or  that 
has  the  water  passages  stopped  up  and  one  thing  and 
another  is  the  matter  any  engine  will  overheat,  if  you  do 
not  give  it  the  right  radiator.  When  we  started  in  we 
had  absolutely  no  experience  on  the  air  operation  end, 
and  we  could  not  expect  our  radiator  to  be  just  right- 
to  hit  it  right  the  very  first  time — and  we  did  not.  But 
cooling  is  not  any  problem  with  the  Liberty  engine;  it 
was  a  problem  of  getting  the  proper  radiator,  and  it  was 
cured  within  a  few  weeks  after  the  motor  first  went 
into  the  air.  We  have  now  enough  data  so  that  the 
next  time  we  will  know  what  to  do.  We  can  design 
a  ship  now  and  put  a  radiator  on  it  and  know  what  it 
will  do,  because  wc  know  how  many  square  feet  of 
radiating  surface  we  have  to  have  per  horsepower. 

Remember  that  there  is  one  very  great  difference 
between  aircraft  and  any  other  kind  of  vehicle,  especially 
as  related  to  the  engine — that  in  aircraft  you  arc  chang- 
ing temperatures  and  air  pressure  all  the  time,  and 
within  a  few  minutes.  In  modern  war  conditions  you 
may  be  surrounded  by  an  atmosphere  having  a  tem- 
jierature  of  100  degrees  in  the  shade,  on  the  ground, 
one  minute,  and  twenty-five  or  thirty  minutes  later  you 
may  be  in  an  atmosphere  having  a  temperature  of  10 
or  15  degrees  below-  zero,  at  a  high  altitude,  and  with  an 
atmospheric  pressure  of  only  a  small  percentage  of  what 
you  have  on  the  ground.  Aeroplanes  are  climbing  now 
(Continued  oh  Page  3fJ) 
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AT  the  New  Orleans  meeting  of  the  American  Water 
i    Works  Association  in  1910,  the  writer  presented 
a  short  paper  calling  attention,  among  other 
things,  to  the  danger  of  making  water-works  extensions 
without  adequate  returns. 

Since  that  lime  there  is  good  reason  to  believe  that 
this  subject  has  been  receiving  careful  attention  by  many 
water-w  orks  engineers  and  superintendents. 

In  past  years  it  was  common  practice  for  the  water- 
works management  to  install  at  its  own  expense  an  ex- 
tension where  the  revenue  in  sight  did  not  exceed  10  per 
cent,  of  the  cost  of  said  extension. 

It  is  the  opinion  of  the  writer  that  under  ordinary 
circumstances  it  does  not  pay  to  lay  a  water-works 
distributing  pipe  extension  unless  the  annual  revenue 
obtainable  thereon  is  considerably  over  25  per  cent, 
of  the  cost. 

An  examination  of  the  statistics  of  privately  owned 
United  States  water-works  plants  shows  that  the  dis- 
tribution piping  system  upon  which  consumers  are  located 
will  cost  from  25  to  65  per  cent,  of  the  cost  of  the  entire 
works ;  45  per  cent,  representing  probably  a  fair  aver- 
age. They  show  also  that  the  entire  cost  of  operation, 
not  including  depreciation,  will  generally  range  be- 
tween 3  per  cent,  and  IVi  per  cent,  of  the  cost,  a  fair 
average  being  about  4J4  per  cent.  This  cost  of  opera- 
tion will  also  be  seen  to  range  between  25  per  cent,  and 
75  per  cent,  of  the  gross  revenue,  a  fair  average  being 
about  45  per  cent. 

In  these  respects  every  water-work*  has  its  own  par- 
ticular characteristics.  For  many  gravity  plants  as  well 
as  advantageously  located  pumping  plants,  the  operating 
expenses,  when  considered  as  a  percentage  of  the  cost 
of  the  plant  or  of  the  gross  revenue. are  comparatively  low. 

The  relative  cost  of  the  distribution  system  will  depend 
largely  on  the  number  of  consumers  per  mile  of  distribu- 
tion pipe  and  the  adequacy  of  the  fire  protection. 

If  a  demand  were  made  ujion  the  water- works  man- 
agement to  lay  a  pipe  extension  at  a  given  location,  the 
first  consideration  would  be  whether  the  pipe  would  be 
used  for  domestic  and  industrial  use,  fire  service  or  both. 
If  the  former,  a  large  quantity  of  water  will  be  consumed. 
If  for  fire  service  scarcely  any  water  will  be  consumed, 
so  that  at  first  sight  it  would  seem  that  much  less  per- 
centage of  return  on  the  cost  of  the  extension  will  be 
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required  if  the  service  is  to  be  entirely  for  fire  protection 
than  if  for  water  consumption,  for  the  latter  taxes  the 
entire  plant,  while  the  former  generally  taxes  only  the 
distributing  system.  However,  it  is  believed  that  it  is 
not  necessary  to  make  any  such  distinction,  except  in 
special  or  unusual  cases.  Reasons  for  not  making  dis- 
tinction between  the  two  classes  of  service  are  becoming 
more  apparent  when  it  is  considered  that  the  modern 
tendency  is  to  make  the  principal  charge  for  fire  protection 
an  annual  payment  of  a  fixed  sum  j>er  foot  or  mile  of 
distributing  pipe. 

Let  us  assume  that  for  a  particular  water-works  system 
the  cost  is  $1,000,000,  the  cost  of  the  distributing  sys- 
tem is  45  per  cent.,  or  $450,000,  the  gross  revenue  is 
$135,000,  and  the  operating  expenses  $45,000.  Let  us 
assume  a  fair  allowance  for  depreciation  will  be  1  per 
cent.,  or  $10,000.  The  net  revenue  will  then  be 
$135,000—  ($45,000  +  $10,000)=  $80,000.  which  is  8 
per  cent,  of  the  cost  of  the  work.*. 

Now  let  us  assume  a  demand  is  made  for  a  pipe 
extension,  on  which  there  can  be  counted  with  reasonable 
certainty  a  revenue  of  $135  per  annum.  A  reliable  esti- 
mate shows  the  cost  of  the  extension  will  be  $450. 
The  revenue  attainable  will  be  from  average  consumers 
as  well  as  the  regular  proportion  for  fire  protection. 
Under  these  circumstances  we  can  calculate  the  rate 
of  return  as  follows:  If  the  distributing  system  costs 
45  per  cent,  of  the  entire  cost  of  the  system,  there  must 
be  added  to  the  balance  of  the  system,  cither  before,  at 
the  time  or  after  the  installation  of  this  extension  $550 
worth  of  non-revenue-producing  plant,  if  we  wish  to  main- 
tain the  entire  works  in  its  standard  condition.  Accord- 
ing to  logical  accounting  methods  the  revenue-producing 
jKirt  of  the  plant  must  earn  sufficient  to  pay  the  required 
rate  of  return  on  both  it  and  the  necessary  non-revenue- 
producing  part  of  the  plant. 

In  other  words,  every  time  a  distributing  pipe  exten- 
sion is  laid  there  must  be  furnished  an  adequate  portion 
of  a  new  reservoir,  filter  plant,  pumping  engine,  boiler 
plant,  building,  force  main,  etc. ;  and  there  must  be  suffi- 
cient return  to  pay  for  all  these  things;  otherwise  when 
required  there  is  no  financial  means  of  obtaining  them. 

Every  factory  manager  who  has  given  the  subject  of 
scientific  cost-keeping  any  consideration  knows  that  this 
principle  is  fundamental :  the  producing  part  of  the  organ- 
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ization  mlist  earn  sufficient  to  pay  all  charges,  including 
the  upkeep  of  the  non-producing  part  of  the  organ- 
ization. All  this  is  usually  lumped  under  the  title  of 
"  overhead  "  charges. 


We  therefore  have  cost  of  extension   $450.00 

Cost  chargeable  to  balance  of  plant    550.00 


Total  cost   $1,000.00 

Operating  expense  4'/,  per  cent   45.00 

Depreciation  1  per  cent   10.00 

Return  8  per  cent,  on  cost   80.00 


Gross  revenue  required  to  maintain  8  per  cent  return. . .  $135.00 
The  extension  itself  will  then  have  to  pay— 

^  X  100  =  30  per  cent. 
480 

A  simple  formula  universally  applicable  is 
X=  <°  +  *±R>  100(A) 

in  which 

0  =  per  cent,  operating  expenses  is  of  total  cost. 
R  —  per  cent,  rate  of  return  is  of  total  cost 
D  —  per  cent  depreciation  is  assumed  to  be  of  total  cost 
P  =per  cent,  distributing  pipe  system  is  of  total  cost. 
-Y  =  per  cent,  guaranteed  or  estimated  revenue  on  the  exten- 
sion is  of  estimated  cost  of  the  extension  alone. 

Another  formula  of  somewhat  more  general  appli- 
cation is  as  follows: 

X=  10,000    t  +  D  (B) 
P  (100- AT)  v  ' 
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in  which  all  the  terms  have  the  same  designation  as 
before,  and  M  —  per  cent,  operating  expenses  is  of  gross 
revenue.  Tables  A  and  B  are  calculated  from  formulas 
A  and  B,  assuming  the  rate  of  return  is  7  per  cent,  and 
the  depreciation  1  per  cent,  on  the  total  cost. 


Table  B. 

Per  Cent.  Distributing  System  Costs  of  Total  Cost. 
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It  is  evident  this  method  can  be  used  for  gas  and  elec- 
tric light  and  power  plants,  and,  in  fact,  the  principle 
applies  to  operation  of  many  kinds.  Obviously  for  the 
term  "cost "  the  appraised  "  valuation "  can  readily  be 
substituted. 

According  to  this  discussion  as  the  Operating  Ex- 
penses are  likely  to  be  between  35  per  cent,  and  55  per 
cent,  of  the  gross  revenue,  and  the  cost  of  the  extensions 
is  likely  to  be  between  40  per  cent,  and  55  per  cent,  of  the 
entire  cost  of  the  plant;  if  the  net  earnings  are  to  be 
maintained  above  7  per  cent,  plus  depreciation  then  it 
is  not  warrantable  to  install  an  extension  unless  said 
extension  will  earn  from  22  per  cent,  to  44  per  cent, 
of  the  cost  thereof. 

These  rules  apply  more  particularly  to  private  com- 
panies. A  municipality  often  finds  it  desirable  to  lay 
an  extension  or  pipe  up  a  particular  territory  long  before 
there  arc  any  improvements,  but  even  in  this  case,  the 
authorities  must  be  assured  that  the  revenue  attainable 
will  eventually  pay  so  well  that  the  present  cost  of  the 
expenditure  will  be  warranted.  The  same  thing  will 
apply  to  a  private  company,  except  that  if  a  private  com 
pany  makes  a  wrong  guess  the  results  arc  financially 
disastrous  while  the  municipality  can  easily  absorb  the 
mistake  in  general  taxation. 
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REPORT  OF  THE  TENTH  NATIONAL  CONFERENCE  ON 

CITY  PLANNING 

ST.  LOUIS,  MO.,  MAY  27-29,  1918 
By  JOSEPH  C.  WAGNER,  Member 
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THE  Tenth  National  Conference  on  City  Planning 
met  at  St.  Louis,  Mo.,  May  27-29,  1918.  The 
attendance  of  about  eighty  delegates  and  others 
represented  the  Eastern  and  central  Western  States,  the 
number  being  about  equally  divided  between  the  cities 
cast  and  west  of  the  Mississippi  River.  Leaving  out  of 
consideration  the  local  attendance  from  St.  Louis,  the 
larger  Eastern  cities  sent  two  representatives  to  one  from 
the  trans-Mississippi  section.  The  Conference  as  a 
national  meeting,  therefore,  could  not  be  considered  emi- 
nently successful. 

Zoning  and  war  were  the  key  words  of  the  conference. 
The  most  important  papers  presented  on  the  first  topic 
were  upon  such  subjects  as  "  Industrial  Zoning,''  "  Resi- 
dence Zoning,"  "  An  Industrial  Survey  of  St.  Louis,"  and 
"The  St.  Louis  Plan." 

It  was  impossible,  and  it  was  not  desirable,  to  keep  the 
subject  of  war  out  of  the  conference  and  the  subjects 
bearing  upon  the  present  situation  enlisted  much  interest. 
The  subjects  of  "  War  Housing  and  Community  Build- 
ing," "  Lessons  from  the  Plans  of  the  War  Cantonments," 
"  Waterways  and  City  Planning,"  and  "  City  Planning  in 
the  Allied  Countries  During  the  War,"  were  presented  by 
those  actively  and  directly  engaged  in  such  matters  at  the 
present  time  for  the  United  States  Government. 

In  view  of  the  preparation  of  a  zoning  or  districting 
bill  for  the  City  of  Philadelphia  by  the  Zoning  Commis- 
sion and  the  interest  in  the  subject  evidenced  by  many  of 
our  own  citizens,  it  may  be  well  to  set  forth  in  more  de- 
tail the  ideas  advanced  in  the  several  papers  on  the  dis- 
tricting question. 

Dr.  Robert  H.  Whitten  in  his  paper  on  "  The  Zoning 
of  Residence  Sections  "  states  among  other  things  that: 

"  The  protection  of  the  homes  of  the  people  is  prob- 
ably the  primary  purpose  of  use  in  districting.  While 
many  purposes  are  served  by  an  orderly  ami  well-thought- 
out  plan  of  city  building,  a  first  consideration  in  such  plan 
is  that  there  shall  be  some  separation  between  residential 
use,  on  the  one  hand,  and  all  forms  of  trade  and  in- 
dustry on  the  other.  In  providing  for  this  separation, 
however,  it  is  essential  to  remember  that  trade  and  in- 
dustry form  the  basis  of  the  city's  growth  and  that  the 
areas  devoted  to  such  use  cannot  be  narrowly  confined 
without  stopping  the  normal  growth  of  the  city. 

"  A  first  essential  in  residence  districting  is,  therefore, 


the  determination  of  the  location  and  extent  of  the  areas 
that  will  be  needed  for  trade  and  industry.  But  while 
trade  and  industry  constitute  the  primary  purpose  for  the 
bringing  of  people  together  in  large  cities,  it  is  no  less  true 
that  good  home  conditions  are  essential  to  the  welfare 
and  prosperity  of  the  city.  In  fact,  this  war  has  shown 
that  good  housing  is  absolutely  essential  to  efficient  pro- 
duction. The  city  in  the  future  will  have  to  give  much 
greater  consideration  to  all  questions  affecting  the  homes 
of  its  people  if  it  wishes  to  maintain  its  productive 
efficiency. 

"  Residence  districts  must  not  only  be  protected 
against  invasion  by  trade  and  industry  but  they  must  be 
protected  against  a  too  intensive  use  of  the  land.  We 
want  our  home  sections  to  have  as  much  light,  air  and 
garden  space  as  is  consistent  with  a  plan  for  the  conveni- 
ent housing  of  the  entire  population  for  a  considerable 
period  of  years  within  the  areas  accessible  and  appro- 
priate for  housing  purposes.  We  want  to  distribute  the 
population  as  much  as  practicable,  but  at  the  same  time 
we  do  not  wish  to  force  people  who  for  business  or  other 
reasons  need  to  live  close  to  the  central  business  sections, 
either  to  pay  very  high  rents  or  to  go  to  much  less  con- 
venient locations. 

"  This  general  problem  of  protecting  the  residential 
sections  from  mutually  antagonistic  types  of  residence 
use  and  of  preventing  congestion  of  population  may  be 
approached  in  four  ways : 

"  1.  Direct  limitation  of  the  type  of  dwelling. 

"2.  I.imiiniion  nf  the  iien-rntage  of  lot  that  may  be 
covered  and  size  of  yards. 

"  3.  Limitation  of  number  of  houses  or  families  per 
acre. 

"  4.  Requirement  of  a  certain  minimum  land  area  for 
each  family  housed. 

"  1.  Under  the  first  method,  that  of  direct  limitation 
of  the  type  of  dwelling,  a  zone  may  be  established  limited 
to  single-family  detached  houses;  another  zone  for  all 
classes  of  dwellings  including  apartment  houses.  This  is 
a  simple  and  direct  method  and  one  proposed  in  various 
drafts  of  zoning  regulations  now  under  consideration.  It 
is  the  method  to  which  we  have  become  accustomed  in 
private  restrictive  covenants. 

"2.  Limitation  of  the  percentage  of  lot  that  may  be 
covered  and  the  size  of  yards.    This  is  the  method  ap- 
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plied  under  the  New  York  Building  Zone  Plan  to  protect 
high  class  single- family  detached  house  sections.  In  the 
'  K  '  area  districts  residences  arc  limited  in  general  to  an 
occupancy  of  30  per  cent,  of  the  area  of  the  lot  and  a  side 
yard  and  large  rear  yard  are  required. 

"  3.  Limitation  of  the  number  of  houses  or  families 
per  acre.  In  England,  under  the  Town  Planning  Act,  the 
number  of  houses  or  buildings  per  acre  may  be  limited. 
Tho  houses  or  buildings  rather  than  families  are  re- 
ferred to  in  the  act.  it  is  apparently  being  so  administered 
as  substantially  to  secure  the  limitation  of  the  number 
of  families  per  acre. 

"  4.  Requirement  of  a  certain  minimum  land  area  for 
each  family  housed.  This  method  is  intended  to  accom- 
plish the  same  result  and  is  in  reality  merely  another  way 
of  stating  the  method  just  considered,  i.e.,  limiting  the 
number  of  families  per  acre.  It  would  require  a  certain 
minimum  area  of  lot  for  each  dwelling  or  for  each  apart- 
ment in  case  of  a  multi-family  dwelling.  Thus  there 
might  be  a  zone  in  which  a  minimum  of  5000  square  feet 
of  land  area  per  family  would  Ik-  required.  This  would 
mean  the  equivalent  of  a  lot  50'  X  100'  for  each  family 
housed.  Another  zone  might  require  2500  square  feet  of 
land  area  per  family,  another  1250  square  feet  and  so 
on.  This  would  mean  that  taking  a  standard  lot  50'  X 
100'  in  the  first  zone  only  a  single  family  house  could  be 
constructed  on  such  lot ;  in  the  second  zone  a  two-family 
house  could  be  constructed;  in  the  third  zone  a  four- 
family  house  and  so  on.  This  would  provide  for  the 
varying  intensities  of  use  necessary  in  a  city  of  the  metro- 
politan class.  It  would  afford  the  means  of  protecting 
the  suburban  residence  sections,  of  securing  an  appro- 
priate distribution  of  population  and  of  preventing  undue 
congestion  in  the  central  areas. 

"  This  plan  of  requiring  a  minimum  land  area  per 
family  can  be  carried  out  under  those  statutes  that  have 
been  passed  authorizing  zoning  in  the  various  States  that 
have  followed  the  general  terms  of  the  New  York  Charter 
Amendment  of  1916.  Future  statutes,  however,  should 
include  this  power  specifically,  so  there  will  be  no  doubt 
as  to  the  legislative  intent.  Any  residence  zone  plan  that 
is  based  directly  and  consistently  on  the  prevention  of  con- 
gestion of  population  is  based  on  a  pur|>ose  which  the 
courts  can  scarcely  fail  to  recognize  as  being  within  the 
plain  scope  of  the  police  power." 

Mr.  Herbert  S.  Swan  in  his  paper  on  "  Industrial 
Zoning  "  stated  that  primarily  districting  must  be  elastic, 
but  not  at  the  expense  of  simplicity,  as  the  latter  must 
govern  in  order  that  practical  results  be  obtained.  In 
addition,  in  any  use  there  should  not  be  too  great  a 
multiplicity  of  kinds  of  use  as  tending  to  confuse  by 
carrying  the  differentiation  to  too  fine  a  distinction  and 
thereby  possibly  failing  to  enlist  the  sympathy  of  the 
courts  in  the  adjudication  of  contested  cases.  The  law 
also  must  not  be  too  arbitrary,  as  in  any  law  there  will 
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always  be  cases  on  the  border  lines  to  which  a  hard  and 
fast  law  will  be  difficult  of  application.  It  was  suggested 
for  this,  the  creation  of  a  Board  of  Aj>peals  to  which  all 
such  cases  might  be  referred  for  adjustment. 

Mr.  Swan  assumed  that  it  was  necessary  to  district 
industry  in  the  city  as  well  as  to  separate  residence  from 
industry  and  commerce.  "  The  competitive  strength  of  a 
city  commercially  depends  largely  upon  the  proper  ar- 
rangement of  the  industries  within  the  city.  Unnecessary 
hauling  and  heavy  terminal  charges  react  against  the  city's 
economic  expansion  and  growth." 

Regarding  the  number  of  classes  of  use — In  the  I.os 
Angeles  Ordinance  there  are  two  districts;  in  the  resi- 
dence district  businesses  not  especially  excluded  are  per- 
mitted and  in  the  industry  district  all  kinds  of  business 
and  industry  are  unrestrained. 

The  residence  district  in  the  New  York  law  excludes 
all  business  and  industry  and  the  business  district  large 
manufacturing  and  nuisances.  The  New  York  law  does 
not  protect  sufficiently  large  manufacturing  against 
nuisances,  as  they  are  InHh  placed  in  the  same  classification. 
Manufacturing  and  nuisances  should  be  separate  from 
each  other  just  as  residence,  business  and  manufacturing 
are  separated.  This  the  proposed  St.  Louis  Ordinance 
endeavors  to  effect. 

In  the  Berkeley  Ordinance  residences  arc  prohibited 
in  the  manufacturing  and  nuisance  district,  and  rightly  so. 

In  all  ordinances  an  extreme  caution  should  be  used  in 
differentiating  the  classification  in  order  not  to  invite  un- 
favorable decision  at  this  time  from  the  courts  for  too 
arbitrary  regulations.  "  The  classification  of  industry 
must  proceed  upon  a  plan  made  only  after  a  careful  exami- 
nation of  the  facts  in  each  city  rather  than  upon  any 
theoretical  principles.  The  number,  however,  should  be 
kept  down  to  the  smallest  working  minimum  essential  to 
the  carrying  out  of  the  primary  objects  of  the  plan. 

"  The  form  which  factory  districts  should  assume, 
whether  they  should  be  confined  in  the  heart  of  the  city, 
dispersed  to  the  suburbs,  segregated  in  concentric  zones, 
laid  out  along  lines  radiating  from  the  centre,  arranged 
in  parallel  districts  bisecting  the  city,  or  discriminated 
scattered  thruout  is  one  which  as  yet  has  not  been  satis- 
factorily answered."  It  may  be  that  the  most  satisfactory 
method  in  one  community  would  be  the  least  satisfactory 
in  another  community. 

The  necessity  for  a  constructive  program  for  the  in- 
dustrial growth  and  future  development  in  any  large  city 
in  an  orderly  manner  cannot  now  be  questioned,  and  such 
a  program  cannot  be  made  until  the  physical  plan  of  such 
a  city  is  thoroly  and  intimately  studied  and  analyzed. 

The  subject  of  blighted  districts  in  St.  Louis,  Minne- 
apolis, and  Philadelphia  occupied  one  session,  and  tlio 
the  existence  of  such  districts  in  every  large  city  was  de- 
plored, the  means  to  prevent  seemed  difficult  to  find.  The 
shift  of  population  from  a  purely  and  high-class  residence 
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district  near  the  centre  of  the  city  by  reason  of  the  influx 
of  trade  or  industry  was  often  the  cause  of  a  blight. 
W  here  development  is  rapid,  blight  will  always  occur,  and 
districting  or  zoning  by  law  was  advocated  as  the  only 
remedy. 

A  large  portion  of  the  centre  of  St.  Louis  was  given 
as  blighted.  Several  blocks  of  built-up  properties  between 
the  hotel  district  and  the  Union  Station  and  beyond 
twenty-five  or  thirty  years  ago  were  high-class  residences 
only,  being  large  mansions  and  single-family  houses  built 
on  large  lots.  Invasion  has  been  made  by  commercial 
business  and  industry,  and  a  congested  colored  population 
now  occupies  the  old  residences  for  apartments  and 
tenements. 

A  blighted  district  in  Minneapolis  was  shown  of  sev- 
eral blocks  extent  and  near  the  city's  business  centre 
where  the  assessment  values  decreased  over  35  per  cent, 
in  ten  years. 

We  are  all  familiar  with  similar  sections  in  our  own 
city  and  in  some  instances  a  few  of  such  districts  are  re- 
covering their  original  values  by  change  of  use. 

The  city  of  St.  Louis  is  embarking  upon  a  compre- 
hensive plan  of  development  with  the  view  of  correcting 
some  of  the  errors  of  the  past  and  providing  for  a  more 
orderly  development  for  the  future. 

The  new  City  Charter  gives  grants  of  larger  and 
wider  powers  to  the  municipality. 

"  The  city  plan  constitutes  city  policy  in  the  guidance 
of  physical  and  social  growth."  St  Louis  needs  a  com- 
prehensive city  plan  and  is  going  about  securing  one. 

The  program  provides  separate  studies  of  the  street 
system,  transit  and  transportation,  markets,  recreation, 
grouping  of  public  buildings,  districting  and  housing  and 
street  appearances.  All  these  studies  are  to  be  finally  cor- 
related and  revised  into  a  comprehensive  plan. 

In  the  matter  of  districting  or  zoning,  St.  Louis  has 
prepared  the  plans  and  is  awaiting  their  enactment  by 
Councils  into  law.  On  the  question  of  use— the  most  im- 
portant and  probably  the  most  difficult  to  determine — the 
classification  follows  generally  the  New  York  law  except 
that  there  arc  First  Residence  Districts  and  Second  Resi- 
dence Districts. 

In  the  First  Residence  Districts  all  buildings  are  to  be 
designed,  erected  and  used  exclusively  for  single- family 
dwellings.  In  the  Second  Residence  Districts,  buildings 
are  set  aside  for  dwellings,  tenements,  hotels,  lodging  and 
boarding  houses,  churches,  private  clubs,  hospitals  and 
sanitariums,  public  and  semi-public  institutions  and  police 
and  fire  stations.  All  commerce  and  industry  are  excluded 
from  both  residence  districts  and  private  garages  are  per- 
mitted in  both. 

Use  is  further  sub-divided  into  Commercial,  Indus- 
trial and  Unrestricted  Districts. 

In  the  Commercial  Districts  stores  or  shops  for  whole- 
sale or  retail  business,  places  of  amusement,  office  build- 
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ings  and  use  permitted  in  the  residence  districts  are 
allowed.  Garages  are  also  permitted,  under  certain 
restrictions. 

Industrial  Districts  are  established  for  the  conduct  of 
many  and  various  specified  trades  and  industries.  Build- 
ings designed  or  used  for  all  other-  trades,  storage,  in- 
dustry, commerce  or  residence  may  be  erected  in  the 
Industrial  District. 

In  the  Unrestricted  Districts,  buildings  may  be  erected 
and  used  without  restriction  as  to  the  nature  of  their  use. 

As  to  the  street  plan  of  St.  Louis  the  city  limits  arc 
as  they  were  in  1876,  and  in  the  oldest  portion  of  the  origi- 
nal city,  especially  that  portion  nearest  the  river  front, 
the  streets  are  thirty  and  forty  feet  wide.  As  the  city 
expanded,  street  widths  were  increased  so  that  to-day  in 
the  present  downtown  business  district  the  principal 
thorofares  arc  sixty  and  eighty  feet  wide,  and  three- 
fourths  of  the  940  miles  of  streets  in  the  city  arc  sixty 
feet  wide.  In  the  major  street  plan  recommended  for 
the  city  the  minimum  width  for  streets  without  trolley 
lines  is  fixed  at  sixty  feet,  and  the  minimum  for  streets 
with  trolley  lines  is  fixed  at  eighty  feet,  with  a  width  of 
ninety-eight  or  one  hundred  feet  to  be  adopted  where  pos- 
sible. In  the  residential  and  commercial  districts  the 
eighty- feet  width  is  divided  twenty-eight  feet  for  side- 
walks and  fifty-two  feet  for  roadway,  with  a  provision 
for  twenty  feet  width  for  double-track  trolley  lines  in  the 
centre.  The  one  hundred- feet-wide  street  is  divided 
thirty-two  feet  for  sidewalks  and  sixty-eight  feet  for 
roadway. 

The  basis  of  an  excellent  major  street  plan  already 
exists  in  St.  Louis.  With  widenings,  extensions  and  con- 
nections, the  system  can  readily  be  completed  and  at  no 
great  expense. 

Some  of  these  improvements  are  proposed  and  some 
arc  under  construction.  The  main  object  of  the  several 
improvements  is  to  provide  easy  access  to  the  central  busi- 
ness district  and  also  to  provide  adequate  and  ready  pas- 
sage thru  this  district.  The  central  business  district  has 
been  defined  as  five  blocks  wide  by  eight  blocks  long  and 
located  in  the  old  city  proper  about  midway  between  the 
river  and  the  Union  Station. 

One  of  the  most  important  improvements  in  building 
and  projected  in  the  immediate  present  is  the  extension 
anil  widening  of  Twelfth  Street,  which  is  the  western 
boundary  of  the  defined  business  district.  At  present 
Twelfth  Street  is  disjointed  and  of  varying  widths  in  its 
different  lengths,  and  it  is  proposed  to  widen  to  eighty 
and  ninety-tight  feet,  connecting  the  dead  ends  and  by 
two  short  diagonal  cuts  connect  two  already  existing  radial 
avenues,  leading  into  and  out  of  the  city  from  the  north 
and  from  the  south.  This  improvement  will  provide  a 
much-needed  main  thru  trafficway  from  either  the  north 
or  south  end  of  the  city  thru  the  business  section  and  out 
again  in  the  opposite  direction  to  the  city  limits. 
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THE  INCOME  TAX 

AN  ENGINEER'S  ANALYSIS  WITH  SUGGESTIONS 
By  CARL  G.  BARTH,  Member 
HART  II* 


IN  Part  I  reference  was  barely  made  to  "  Pareto's 
Law,"  and  its  application  in  connection  with  the  for- 
mula therein  recommended  for  a  graded  income  tax, 
to  forecast  the  total  amount  of  tax  resulting  from  the 
adoption  of  specific  values  for  the  two  constants  a  and  a 
in  the  latter  formula ;  namely, 


C+a 


(IV) 


The  consideration  of  this  matter  will  now  be  taken  up. 

By  a  study  thru  a  term  of  years,  of  the  income  tax 
returns  of  a  number  of  European  and  other  countries,  the 
Italian  economist  Vilfredo  Parcto  has  discovered  that  the 
distribution  of  a  nation's  total  income  among  its  bread- 
winners and  others,  enjoying  incomes  without  working, 
is  by  no  means  a  matter  of  chance  only ;  but  that,  on  the 
contrary,  the  same  is  subject  to  a  fairly  definite  law — just 
the  same  as  the  distribution  of  the  total  number  of 
deaths  in  a  nation  among  its  individuals  of  various  ages, 
in  normal  times  at  least,  follows  a  very  definite  law  of 
averages,  in  spite  of  the  part  played  by  chance  in  the 
final  distribution  of  deaths  among  the  specific  individuals 
of  any  one  age. 

However,  just  as  the  law  of  averages  cannot  operate 
satisfactorily  among  the  few  individuals  that  each  year  die 
at  the  highest  ages  attained  by  human  beings,  neither  can 
it  operate  satisfactorily  among  the  comparatively  few  indi- 
viduals that  enjoy  the  highest  personal  incomes. 

For  this  reason  Pareto's  Law,  in  the  first  place,  does 
not  hold  very  closely  for  the  highest  individual  incomes; 
besides  which,  as  also  pointed  out  by  Pareto  himself,  it 
does  not  hold  good  for  the  smallest  individual  incomes  en- 
joyed by  the  great  majority  of  industrial  workers,  for 
which  the  United  States  particularly  lacks  the  necessary 
statistical  data,  but  which  unquestionably  are  higher  than 
a  conformity  to  the  law  would  indicate. 

While  thus  Pareto's  Law,  in  its  exceedingly  simple 
form,  holds  good  only  between  certain  rather  indefinite 
limits  of  the  higher  and  lower  individual  incomes— for 
the  purposes  of  this  paper,  which  is  to  point  out  the  possi- 
bilities of  going  even  further  in  the  mathematical  treat- 
ment of  the  subject  under  consideration  than  so  far  at- 
tempted by  Pareto  himself,  rather  than  to  claim  any 
accuracy  and  immediate  value  for  the  figures  finally  ar- 
rived at— we  will  assume  the  law  to  hold  good  for  all 
incomes. 

In  general.  Pareto's  Law  is  mathematically  expressed 
by  the  formula  A 

*  Part  I  published  in  the  June  Jouknau 


in  which  A  is  a  constant  for  any  one  country  at  any  one 
time  in  its  economic  development,  C  any  individual  in- 
come; the  exponent  n,  a  number  which  averages  1.5;  h, 
another  constant  whose  value  is  always  small ;  and  AT, 
finally,  the  number  of  individuals  that  enjoy  incomes  in 
excess  of  C.  Neglecting  h  entirely  and  assuming  n  ~  1.5, 
we  thus  have  ..     A  /VI, 

From  a  study  of  a  plot  on  logarithmic  paper,  made  by 
the  well-known  economist,  Professor  Irving  Fisher,  of 
Yale  University,  of  the  income  tax  returns  of  the  United 
States  for  the  year  1916,  published  for  the  purpose  of 
showing  its  conformity  with  Pareto's  Law,  I  have  written 
this  law  for  the  United  States  for  that  year  as 
120,000,000,000 


iV- 


(XII) 


tho  this  formula  gives  values  for  C  that  are  slightly 
greater  than  those  called  for  by  the  statistics  available  to 
Professor  Fisher,  for  the  smaller  incomes  subject  to  the 
tax  of  1916,  while  the  conformity  for  higher  incomes  up 
to  $1,000,000  per  year,  the  highest  plotted  by  him,  is  re- 
markably close. 

About  his  plot,  Professor  Fisher  says  himself: 

"  This  discrepancy  is  presumably  because  the  persons 
returning  income  blanks  and  paying  taxes  on  small  in- 
comes do  not  really  represent  the  number  of  persons  who 
should  be  paying  taxes  on  these  incomes ;  in  other  words, 
that  at  the  border  line  between  taxable  and  non-taxable 
incomes  a  considerable  number  of  persons  evade  taxation, 
either  thru  direct  intent  or  thru  lack  of  realization  that 
they  shoidd  make  returns." 

We  will  now  first  derive  a  general  formula  for  the 
total  amount  of  a  country's  income,  on  the  supposition 
that  Formula  (I)  holds  good  for  all  incomes;  as,  of 
course,  also  done  by  Pareto  himself. 

In  Fig.  1  formula  (XI)  is  graphically  represented 
by  the  curve. t  for  which  incomes  are  represented  along 
the  base  line,  as  abscissas,  and  corresponding  values  of  .V, 
vertically,  as  ordinates. 

Now,  just  as  N  represents  the  number  of  incomes  in 
excess  of  C,  so  (.V-oW)  represents  the  lesser  number  of 
incomes  in  excess  of  (C  4-  dC)  :  and  hence,  d.X  must  rep- 
resent the  number  of  incomes  between  C  and  (C  -f  dC). 
P.ut  bv  making  dC  smaller  and  smaller  the  ratio  -  C  ,„ 
approaches  1  as  a  limit,  so  that,  in  the  limit,  we  may 
finally  write  rf.V  as  representing  the  number  of  individual 
incomes  of  the  magnitude  C;  and  hence  also  dZ  —  C.  dC, 

t  It  must  lie  realized  that  the  curve  cannot  in  reality  be  a 
perfectly  smooth  one.  as  AT  cannot  vary  by  less  than  1. 
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in  which  dZ  —  the  differential  of  the  sum  total  of  all 
incomes,  and  as  such  is  represented  by  the  shaded  strip  in 
the  figure. 


in  which  the  fraction 


l 

v  x 


is  always  so  small  compared 


with  the  fraction     V_f  that  it  may  be  neglected,  and  this 

formula  simplified  to 

Z,  -  — 'L  (XIV) 
v  it 

Later  we  will  give  some  further  attention  to  this  for- 
mula, and  to  its  application  to  the  United  States ;  but  be- 
fore doing  this  we  will  now  develop  a  general  formula 
for  the  total  amount  of  tax  to  be  derived  from  the 
application  of  the  tax  formula  (IV)  to  formula  (XI),  or 

A 


In  Fig.  2,  which  in  a  general  way  is  quite  similar  to 
Fig.  1,  taxes  as  figured  by  formula  (IV)  are  laid  out 
along  the  base  line,  as  abscissas,  while  the  corresponding 
number  of  individual  tax  payers  who  pay  a  certain  amount 
of  tax  or  over,  are  represented  vertically,  as  ordinates. 

By  reasonings  analogous  to  those  employed  above,  we 
may  write  dY=Td\, 

in  which  dK=the  differential  of  the  sum  total  of  all 
taxes. 

Introducing  the  value 


Differentiating  equation  (XI)  we  get 

-.4<iC'4--1.5  AC  "dC 


i.ScA 


which,  introduced  above,  gives 
dZ-C(-l.5AC-u)dC 


we  then  get 

which,  integrated  between  the  limits  C  =  C„  and  C  =  C, 
corresponding  to 


Integrating  between  the  limits  C=Cm  and  C  =  C,  we 
now  get  Cm  Cm  Cm 

Cm 


r-r, 

in  the  figure,  becomes 
c, 


and  T-  T, 


c.  c,  c, 


or 


which  formula  thus  gives  the  total  of  all  incomes  between 
a  minimum  Cm  and  a  maximum  C„-  and  as  such  is  rep- 
resented by  the  area  abed  in  Fig.  1. 

If  in  this  we  write  M  for  Cm,  to  represent  the  very 
lowest  income  in  a  nation;  and  X  for  C„  to  represent 
the  very  highest;  and  we,  for  the  purposes  of  this  paper, 
assume  formula  (XI)  to  hold  good  between  these  ex- 
treme limits,  then  the  total  income  of  a  country  will  he 
expressed  by  ^  /  ,        ,  x 


-\SaA  f     f—  \Jb«A    /  2_aang-'  V  0  " 

}c"=c~  f^(unr,Vc«""  ^'V0*  )= 

This  formula,  then,  gives  us  the  sum  total  of  all  taxes 
levied  by  formula  (IV),  between  a  minimum  income  Cm 
and  a  maximum  C,. 


*To  solve  this  integral,  put  x  =  -y '  — '  j  C  =  i 
dCm  2  ax  dx,  and  we  have 


ax.C  -  ox'  and 


/ 


dC 


l  * 


tang 


/2axdx  2      C  dx  2 

y'i-x(ax'+a)'\  7  J  l  +  r»  =  ,  « 


tang-1*- 
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If  we  here  also  write  M  for  Cm  and  X  for  Cr.  to 
represent  the  extremes  in  individual  incomes  in  a  nation, 
then  the  total  tax  of  that  nation  when  levied  by  formula 
(IV)  becomes 


Y,  -  ;U 


tang-'   tang-1 


V? )  ixv,» 


Now,  while  neither  formula  (XIV)  nor  formula 
(XVI)  can  absolutely  express  what  they  arc  here  pur- 


Solving  (XVII)  for  A,  we  get 

.4  =  .V  "•».%',.  (XVII I) 
which  introduced  in  (XIV)  gives 

V/=3.U  .V,  (XIX), 

which  divided  by  .V,,  gives  the  average  of  all  incomes  in  a 
nation  to  be  3.1/,  or  only  three  times  the  minimum. 

Introducing  now  tlie  expression  for  A  in  (XV  III) 
into  formula  (XI)  we  get 

A-c,,-    Cu,  -(c)  ' 
and  then  introducing  the  average  of  all  incomes,  namely 
Ml,  for  C,  we  get  the  total  numbers  of  incomes  above  the 
average  to  be 

In  other  words,  less  than  20  per  cent.,  or  one-fifth,  of  the 
total  number  of  individual  incomes  exceed  the  average 
income;  and  hence  more  than  80  per  cent,  or  four-fifths, 
of  all  individual  incomes  fall  below  this  average. 

On  the  other  hand,  if  we  introduce  M  for  C»  and  3.W 
lor  C\  in  formula  (XIII  ),  we  get  the  total  of  all  incomes 
below  the  average  to  be 

?Mm3A(*    -    1     W3  '  31.  04226- 

0.422ft  Zr,  by  substituting  the  vnluc  of  Zi  in  formula  (XIV). 
In  other  words,  if  formula  (XI)  held  good  down  to  the 
smallest  individual  incomes,  then  more  than  80  per  cent, 
of  all  individual  incomes,  viz.,  those  below  the  average  in- 
come 3.U.  would  total  barely  over  42  per  cent,  of  a  nation's 


ported  to  do.  because,  as  fully  stated  earlier,  Panto's  I  .aw 
does  not  hold  good  for  the  smallest  incomes  of  a  nation, 
formula  (VIII)  must  necessarily  be  more  nearly  what  it 
pur|)orts  to  be  than  the  other  two.  because  of  the  exceed- 
ingly small  percentage  of  tax  formula  (IV)  levies  on 
small  incomes. 

However,  as  there  is  nothing  better  at  present  in 
sight  to  go  by,  we  will  for  the  time  being  have  to  accept 
all  three  formulae  as  sufficiently  correct  for  the  purines 
of  this  paper. 

Designating  the  total  number  of  a  nation's  bread- 
winners, and  others  enjoying  individual  incomes  without 
working  directly,  by  .V,,  we  may  first  solve  formula  (IV) 
with  resect  to  C  and  write 


and  then  write 


344 


M 


(XV!  n 


total  income,  while  the  remaining  58  per  cent,  of  this 
total  income  would  l>e  enjoyed  by  the  remaining  20  jxr 
cent,  of  income  makers. 

The  actual  truth  is  evidently  not  quite  so  bad.  because 
formula  (XI)  does  not  fully  represent  the  incomes  of  the 
masses,  but  it  is  undoubtedly  near  enough  true  to  indi- 
cate in  the  clearest  possible  manner  the  enormously  un- 
equal distribution  of  a  nation's  total  income. 

However,  as  the  average  income  3AI  is  only  three  times 
the  minimum  M,  we  readily  realize  the  futility  of  mate- 
rially adding  to  the  prosperity  of  the  masses  by  merely 
striving  for  a  more  even  distribution  of  a  nation's  total 
income  at  the  present  time ;  and  the  only  remedy  for  the 
pitiably  small  incomes  of  the  masses,  therefore,  as  often 
enough  pointed  out,  but  never  accepted  by  the  average 
labor  leader  and  social  worker,  lies  in  the  direction  of 
increasing  the  productive  efficiency  of  the  industrial 
worker,  who  must  himself  create  the  wealth  he  wishes  to. 
and  should  be  able  to,  enjoy,—  and  "  then  some."  for  a 


JULY,     NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


THE     INCOME  TAX 


reserve  to  carry  him  over  a  "  cold  day,"  and  for  the  natural 
expansion  of  his  country's  industrial  and  other  activities. 

We  will  now  proceed  to  arrive  at  some  idea  of  the 
magnitude  of  the  minimum  income  M  for  our  own  coun- 
try by  supposing  that  formula  (XI)  as  written 
v=lW0O0,oootXII) 

holds  good  down  to  this  minimum.  We  can  do  this  on 
the  supposition  that  there  is  one  family  for  every  five  of 
the  100,000,000  inhabitants  of  the  country,  and  thus 
20,000,000  families  all  told ;  and  that  there  are  two  bread- 
winners for  each  family,  or  40,000,000  breadwinners  in 
all,  which  is  the  best  I  have  been  able  to  learn  about 
this  matter. 

We  then  have 

120.000.000.000 


40,(XX),(KK)  - 


or  .V  =  3000  »  $208 
all  breadwinners  of  the 


Hence  the  average  income  of 
country,  viz.,  3A/  _  3  x  $208=*621 
The  minimum  income  of  a  family  thus  becomes  $208  X 
2  =  $416,  and  the  average  income  of  all  families  becomes 
$624  X  2  =  $1248.  I«et  us  hope  and  pray  that  formula 
(XII)  is  enough  out  of  the  way  for  the  smaller  incomes, 
so  diat  carefully  compiled  statistics  will  prove  these  to  be 
considerably  higher  than  these  figures  indicate,  not  only 
under  the  present  abnormal  conditions,  but  also  for  more 
normal  conditions. 

However,  as  we  can  do  no  better  for  the  present,  let 
us  introduce  this  value  208  for  Af  in  formula  (XIV)  as 
written  360,000,000.000 
Zt  cm 

for  our  country  in  1916,  for  which  we  have  taken 
-4=120,000,000,000;  and  we  figure  the  total  income  of 
the  country  for  1916  to  have  been 

z,  _  3M,000,000.000        9fl0  000  0O0 

or  about  25,000,000,000,  as  against  28,000,000,000  esti- 
mated as  our  national  income  for  the  year  1913,  according 
to  a  statement  by  Charles  A.  Gilchrist  of  the  University 
of  California  in  an  article  that  appeared  in  "The  Scientific 
Monthly  "  for  October,  1916.  On  submitting  these  fig- 
ures to  Professor  Fisher,  his  comment  was  that  the  dis- 
crepancy is  well  explained  by  the  comment  often  enough 
made  above,  on  the  breakdown  of  Pareto's  Law  and 
formula  (XI),  for  the  smaller  incomes,  the  totals  of  which 


we  have  seen  amount  to  a  large  portion  of  the  total  of 
all  incomes.  The  breakdown  of  the  law  for  the  few 
largest  incomes  has  no  appreciable  influence  on  the  total 
of  all  incomes,  while  it  does  have  some  on  the  total  of  all 
taxes  on  incomes. 

For  the  purpose  of  estimating  the  total  income  tax 
that  might  have  been  levied  for  1916  by  formula  (IV), 
with  the  values 

a-  \  and  a  -  $275,000,  or  T- 1  c  +  ^ 

wc  must  first  estimate  the  one  maximum  income  of  that 

year.   This  we  do  by  substituting  the  value  1  for  AT  in 

t         i    /vit\       |  . •  ,       120,000,000.000  , 

formula  (XII)  and  thus  write:  1=        jc'vT"  'which 

K'ves  X  -  120,000,000,00o'  =24,329,000. 

By  now  substituting  a  -  Yi,  a  —  275,000,  A  =- 120,000,- 
000,000,   M  —  208,   and   X  =  24,329,000  in 
(XVI),  we  get  the  total  tax  wc  are  after,  to  be 


300,000,000,000x5 


'  I"        ,      '  24,329,000  .       |     /   208  1 

I  '275,000       L  "*    V  276,000"      *"*  \275.00oJ 

-  457,6436,500  J  tang"1  9.4058 -Ung->  0.027fiJ 

-  457,666,500  [  83*932- 1*575  ]         -  657,846,000. 
If  levied  by  the  formula 

T"i  t'  =  200,000  (V1J 
the  one  tentatively  suggested  for  single  men,  the  total 
tax  would  figure        )-( =  786,500,000. 

Neither  of  the  two  amounts  obtained  is  likely  at  all 
to  approach  the  actual  taxes  on  incomes  collected  for  1917, 
for  several  reasons  : 

First,  the  total  of  all  incomes  of  the  country  in  1917 
undoubtedly  greatly  exceeded  that  of  1913.  Second, 
neither  of  the  tax  formula;  applied  would  levy  as  much 
as  the  law,  except  for  the  higher  incomes.  Third,  the 
formula?  are  entirely  aside  from  the  excess-profit  taxes, 
which  must  have  totalled  in  big  figures. 

However,  this  has  no  bearing  on  the  value  and  im- 
portance of  the  efforts  of  this  paper,  which  have  been 
made  for  the  pur|>ose  of  pointing  out  what  may  be 
done  to  simplify  the  mathematical  part  of  the  problem 
of  taxation,  when  once  complete  and  reliable  statistics 
are  available. 


about  as  fast  as  their  pilots'  hearts  can  stand,  and 
the  things  that  planes  arc  doing  and  arc  able  to  do  and 
the  things  that  arc  developing  will,  after  the  war,  make 
the  most  interesting  reading  of  anything,  I  think,  that 
has  been  done  during  the  war.  I  remember  during  the 
first  few  weeks  of  the  war  we  would  sec  a  couple  of  lines 
in  the  paper  stating  that  aeroplanes  had  been  used  for 
scouting  along  the  battle  front.  I  picked  up  a  paper 
the  other  day  and  practically  the  whole  front  page  was 
devoted  to  aeroplane  news.  I  do  not  need  to  explain  to 
you  the  importance  of  the  aeroplane — how  important 


SOME  FUNDAMENTALS  OF  AVIATION 

(Continued  from  Page  SStl) 


it  has  become  in  war  nor  the  tremendous  number  of 
new  uses  that  it  is  being  put  to ;  but  I  do  want  to  say 
this,  that  especially  in  connection  with  the  aeroplane 
industry,  American  ingenuity  is  going  to  have  the  great- 
est influence  on  the  war.  One  of  the  most  radical  and 
the  most  beneficial  developments  which  have  come  to  Us 
for  some  time  as  a  method  of  killing  Hermans  is  some- 
thing which  applies  to  acrocraft. 

The  members  of  the  Society  of  Automotive  Fngi- 
neers  are  doing  some  very  real  things  along  the  line  of 
ingenuity  and  design  for  the  winning  of  the  war. 
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Tt  IKE  so  many  of  the  great  discoveries,  the  tlis- 
I  covcry  of  that  property  of  matter  called  "  radio- 
'  ^  activity  "  was  the  result  of  an  accident.  In  1896 
the  French  physicist,  Becquerel,  was  investigating  the 
effect  of  the  fluorescent  light  of  uranyl  potassium  sul- 
phate upon  photographic  plates  enclosed  in  a  light- 
proof  cover.  One  cloudy  day  the  uranium  salt  was  laid 
upon  the  covered  plate  in  a  drawer  to  await  a  day 
when  the  salt  might  be  excited  to  fluorescence  by  the 
action  of  sunlight.  Several  days  later,  when  a  new 
plate  was  put  into  the  holder  and  the  old  one  de- 
veloped, to  his  great  surprise  Becquerel  found  that  in 
the  closed  dark  drawer  the  unexposed  salt  had  strongly 
affected  the  photographic  plate,  causing  a  very  dark 
spot.  Numerous  experiments  convinced  Becquerel 
that  he  had  discovered  a  new  property  of  matter,  and 
careful  investigation  showed  that  this  property  of  af- 
fecting the  photographic  plate  was  peculiar  to  the  cle- 
ment uranium,  the  effect  being  proportional,  ordinarily, 
to  the  uranium  content  of  the  various  salts  which  were 
used. 

This  property  of  spontaneously  sending  out  energy 
in  the  form  of  rays  which,  like  the  X-rays,  penetrate 
thru  matter  and  cause  such  changes,  has  been  called 
radio-activity,  and  the  rays  of  these  substances  some- 
times are  called  Becquerel  rays.  Later  Becquerel 
found  that  the  rays  of  uranium  cause  also  the  dis- 
charge of  electrically  charged  bodies,  and  Rutherford 
showed  this  to  be  due  to  the  ionization  of  the  gas  thru 
which  the  rays  pass.  These  phenomena  were  most  re- 
markable, as  they  seemed  to  be  due  to  a  substance  able 
to  give  out  energy  in  the  form  of  these  rays  without 
undergoing  any  change  or  receiving  energy  in  any 
ordinary  form. 

The  photographic  effect  and  the  ionization  of  gases 
furnish  very  delicate  tests  of  radio-activity,  the  photo- 
graphic being  a  qualitative  test,  whereas  the  electrical 
method  may  be  quantitative.  Gases  ordinarily  are 
nonconductors  of  the  electric  current,  but  when  acted 
on  by  the  Becquerel  rays,  the  molecules  of  the  gas  are 
split  into  electrically  charged  parts  or  aggregates 
called  ions.  The  simplest  form  of  instrument  for  meas- 
uring the  intensity  of  the  ionization  of  a  gas,  which 
is  a  measure  of  the  intensity  of  the  radiations  of  a 
radio-active  substance,  is  some  form  of  a  leaf  elec- 
troscope. A  very  thin,  narrow  strip  of  metal  foil,  gold, 
silver  or  aluminum,  is  attached  by  its  upper  end  to  a 
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well-insulated  vertical  metal  support  which  is  con- 
tained in  a  metal  case,  suitably  provided  with  windows 
for  observing  the  leaf.  When  a  charge  of  electricity  is 
communicated  to  the  leaf  system,  the  charge  on  the 
leaf  is  repelled  by  the  charge  on  the  metal  support  and 
the  leaf  moves  out  towards  a  horizontal  position  like 
an  inverted  L.  This  repulsion  is  proportional  to  the 
charge  on  the  leaf  system.  If  a  radio-active  substance 
causes  the  air  in  the  electroscope  to  be  ionized,  that  is, 
to  become  a  conductor,  the  charge  leaks  away  and  the 
leaf  moves  back  to  a  vertical  position.  By  means  of  a 
reading  microscope  and  scale,  the  rate  of  movement  of 
the  leaf  may  be  observed.  This  rate  is  proportional  to 
the  intensity  of  ionization  of  the  gas.  If  the  instru- 
ment is  calibrated,  the  result  may  be  expressed  as  a 
current,  since  a  current  is  the  rate  of  passage  of  a 
quantity  of  electricity.  These  ionization  currents  are 
exceedingly  small,  that  due  to  a  square  centimetre  of 
metallic  uranium  being  O.OOCJCXXXX XXXX)26  ampere.  But 
activities  of  the  order  of  l-100th  that  of  uranium  may 
readily  be  detected  by  this  method. 

Uranium  is  not  the  only  radio-active  element,  for 
soon  after,  in  1898,  Schmidt  and,  independently,  Mine. 
Curie  found  that  the  element  thorium  was  radio-active, 
its  activity  being  a  little  less  than  that  of  uranium. 
Madame  Curie,  in  studying  the  various  minerals  by  an 
electrical  method,  found  that  certain  of  these  were 
more  active  than  metallic  uranium,  which  was  sup- 
posed to  be  the  most  highly  radio-active  substance.  On 
separating  the  uranium  from  these  minerals,  it  was 
found  to  have  its  normal  activity  and  so  it  was  con- 
cluded that  the  minerals  must  contain  a  more  highly 
active  substance.  In  a  chemical  investigation  of  the 
residues  from  the  most  active  of  these  minerals,  a 
pitchblende  from  St.  Joachimsthal  in  Bohemia, 
Madame  Curie  discovered  that  the  bismuth  in  the 
mineral,  when  separated,  possessed  a  considerable  ac- 
tivity. To  this  new  substance  she  gave  the  name 
polonium.  Shortly  afterward,  Professor  and  Madame 
Curie  and  C.  Bemont  found  that  there  was  another 
radio-active  substance,  which  remained  with  the 
barium  from  the  pitchblende.  This  barium  salt  was 
converted  into  barium  chloride  and  subjected  to  a  proc- 
ess of  fractional  crystallization,  resulting  in  a  concen- 
tration of  the  radio-active  substance,  which  was  found 
to  possess  (in  a  pure  state)  an  activity  several  million 
times  that  of  uranium.  This  substance  was  called 
radium.  Later,  Debierne  obtained  another  active 
product  from  pitchblende,  which  he  called  actinium. 
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Working  with  the  radio-active  substances,  other  in- 
teresting properties  were  discovered — one,  in  their 
ability  to  cause  many  substances,  such  as  barium- 
platinocyanide  and  Sidot's  hexagonal  blende  (a  form  of 
zinc  sulphate),  to  become  luminous.  Curie  and  La- 
bordc  found  that  radium  salts  are  continuously  giving 
off  heat  in  sufficient  quantity  to  keep  the  salt  several 
degrees  warmer  than  the  surroundings.  In  one  hour 
one  gram  of  radium  evolves  sufficient  heat  to  warm 
134  grams  of  water  thru  one  degree  centigrade  (134 
calories).  Walkhoff,  Giesel,  Curie,  Becquerel  and 
others  found  that  radium  rays  produce  burns  on  the 
skin,  much  the  same  in  character  as  those  caused  by 
X-rays,  and  it  is  well  known  what  important  and  wide 
application  this  property,  carefully  controlled,  has 
found  in  dermatology  and  in  the  treatment  of  malig- 
nant growths. 

It  may  easily  be  shown  by  means  of  an  electro- 
scope that  the  radiation  from  uranium,  polonium, 
radium  and  actinium  is  not  homogeneous.  A  very  thin 
layer  of  radium  salt  exposed  in  an  electroscope  pro- 
duces a  very  intense  ionization,  so  that  the  charged 
leaf  moves  rapidly.  If  the  salt  is  covered  with  a  thin 
metal  sheet  (say  0.006  an.  of  aluminum)  or  mica,  or  a 
sheet  of  ordinary  writing  paper,  the  ionization  is  found 
to  be  only  a  few  per  cent,  of  that  due  to  the  freely  ex- 
posed salt.  If  a  second  sheet  is  applied,  the  ionization 
is  only  a  little  less  than  that  with  one  sheet.  With  ten 
such  sheets,  the  ionization  is  reduced  to  about  one-half 
that  observed  with  one  sheet.  This  is  due  to  the  fact 
that  the  first  sheet  cuts  off  completely  some  rays 
which  have  a  greater  ionizing  effect.  The  residual 
ionization  is  due  to  a  penetrating  type  of  rays.  With 
very  great  thickness  of  metal  screening  the  radium 
preparation,  there  is  found  to  be  a  very  penetrating 
radiation  which  produces  an  ionization  of  the  order 
of  one  ten-thousandth  of  that  due  to  the  free  exposed 
salt.  The  readily  absorbed  rays  have  been  called  the 
alpha  rays,  those  of  intermediate  penetrating  power 
the  beta  rays,  and  the  very  penetrating  radiation  the 
gamma  rays. 

The  alpha  rays  produce  by  far  the  greatest  ionizing 
effects  in  gases,  altho  after  passing  thru  a  few  centi- 
metres of  air,  they  arc  completely  absorbed.  They 
have  been  shown  to  be  positively  charged  helium 
atoms,  shot  out  with  a  velocity  of  about  12,000  miles 
per  second  (1-1 5th  the  velocity  of  light).  Due  to  this 
velocity  and  the  comparatively  great  mass  of  the  par- 
ticles, it  is  only  with  the  most  intense  electric  and  mag- 
netic fields  that  deviations  of  these  rays  could  be  pro- 
duced. The  deviations,  however,  proved  that  the 
particles  are  electrically  charged,  for  a  moving  charged 
body  will  always  be  deflected  from  its  path  when  pass- 
ing thru  a  sufficiently  intense  electric  or  magnetic  field, 
whereas  an  uncharged  body  does  not  change  the  direc- 
tion of  its  motion.  Crookes.  using  a  lens,  found  that 
the  light  of  phosphorescent  zinc  sulphide  made  lumin- 
ous by  the  rays  of  radium,  consisted  of  numerous 
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flashes  of  light.  The  spinthariscope  is  an  instrument 
which  he  devised  to  show  these  scintillations.  A  small 
speck  of  radium  or  other  highly  radio-active  material 
is  supported  a  few  millimetres  above  a  zinc  sulphide 
screen  fixed  in  one  end  of  a  tube,  which  contains  a  lens 
at  the  other  end.  In  a  dark  room,  the  screen  is  seen 
as  a  dark  field  dotted  with  brilliant  flashes  of  light, 
which  come  and  go  rapidly.  This  experiment  very 
vividly  impresses  the  observer  with  the  fact  that  the 
radio-active  material  is  continually  shooting  out  par- 
ticles, whose  impact  with  the  screen  is  marked  by  a 
spark  of  light.  This  effect  was  found  to  be  due  to  the 
alpha  particles ;  for,  if  the  radium  was  moved  away  a 
few  centimetres,  or  if  it  was  screened  with  a  very  thin 
paper,  the  scintillations  cease.  The  length  of  a  path 
thru  which  an  alpha  particle  produces  its  characteristic 
effects  of  ionization,  photographic  effect,  scintillations, 
etc.,  is  called  its  range.  The  ranges  of  the  alpha  par- 
ticles of  the  various  active  substances  have  been  meas- 
ured and  are  found  to  be  different  for  the  different 
elements.  The  range  of  the  alpha  rays  of  radium  is 
3.3  cm.  in  air.  This  means  that  at  a  distance  greater 
than  3.3  cm.  from  a  radium  preparation  there  will  be 
no  ionization  in  air,  so  far  as  the  alpha  rays  are  con- 
cerned, and  no  scintillations  on  a  phosphorescent  screen. 

The  great  energy  with  which  the  rays  arc  shot  out 
is  the  source  of  the  heat  that  all  radio-active  bodies 
produce,  for  on  stopping  the  alpha  rays  their  extra 
energy  finally  is  converted  into  heat.  The  alpha  par- 
ticles produce  the  greatest  heating  effect,  furnishing 
123.6  calories  of  the  134  calories  which  one  gram  of 
radium  produces  in  an  hour.  The  effect  of  alpha  rays 
on  the  skin,  because  of  their  ready  absorption,  is  con- 
fined to  a  thin  surface  layer,  and,  depending  upon  the 
activity  of  the  preparation  and  the  time  of  exposure, 
the  effect  varies  from  a  faint  reddening  to  an  intense 
necrosis. 

The  beta  rays  are  about  a  hundred  times  more  pene- 
trating than  the  alpha  rays  and  have  been  found  to  be 
of  the  same  type  as  the  cathode  rays.  They  are  nega- 
tively charged  particles,  having  a  mass  of  1  /6800th 
that  of  alpha  particles,  and  their  velocity  is  of  the 
order  of  that  of  light.  The  total  ionization  which  the 
beta  rays  of  radium  produce  in  gases  is  about  3  per 
cent,  of  that  due  to  the  alpha  rays,  the  heating  effect 
being  also  of  this  order,  since  the  beta  rays  furnish 
4.3  calories  of  the  134  calories  given  off  per  hour  by 
one  gram  of  radium.  The  beta  rays  of  radium  are 
nearly  completely  absorbed  by  eight  millimetres  thick- 
ness of  aluminum  or  two  millimetres  of  lead.  Roughly, 
it  may  be  assumed  that  the  thickness  of  matter  re- 
quired to  absorb  any  type  of  rays  is  inversely  propor- 
tional to  the  density  of  the  substance,  or  that  the  ab- 
sorption is  proportional  to  the  density.  Beta  rays  are 
more  energetic  in  their  action  on  the  photographic 
plate  than  are  alpha  rays,  but  while  they  excite  phos- 
phorescent substances,  the  effect  is  generally  much 
less  than  that  due  to  alpha  rays.    Changes  in  colora- 
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tioti  take  place  when  .many  substances  are  exposed  to 
the  action  of  the  rays — but  here  again  the  effects  of 
beta  and  gamma  rays  are  usually  much  less  than 
those  of  the  alpha  rays,  altho  in  the  latter  case  the 
change  is  limited  to  a  surface  layer,  whereas  the  change 
due  to  beta  and  gamma  rays  penetrates  deeper.  Some 
kinds  of  glass  at  first  become  violet,  and  on  longer  ex- 
posure almost  black.  The  rays  cause  many  chemical 
changes  to  take  place.  They  ozonize  the  air,  and  under 
the  action  of  its  own  rays,  the  solid  bromide  of  radium 
exposed  to  air  decomposes  its  water  of  crystallization 
into  oxygen  and  hydrogen ;  the  salt  loses  bromine  and 
is  slowly  converted  into  a  carbonate.  Under  the  influ- 
ence of  the  beta  and  gamma  rays  of  radium,  hydrogen 
and  chlorine  combine  to  form  hydrochloric  acid,  and 
water  is  decomposed  to  give  hydrogen  and  hydrogen 
peroxide.  The  physiological  effects  of  the  beta  and 
gamma  rays — while  not  so  intense  as  those  of  the  alpha 
rays  from  a  given  amount  of  radium — because  of  the 
greater  penetrating  power  of  the  beta  and  gamma  rays, 
find  very  useful  application  in  the  treatment  of  many 
forms  of  skin  diseases,  tumors,  etc. 

The  gamma  or  very  penetrating  rays  are  ether 
vibrations  analogous  to  the  X-rays,  but  these  rays  are 
much  more  penetrating  than  the  X-rays  produced  in  a 
"  hard  "  vacuum  tube,  and  they  are  from  ten  to  one 
hundred  times  more  penetrating  than  the  beta  rays. 
The  total  heat  effect  of  the  gamma  rays  of  radium  is 
about  of  the  same  magnitude  as  that  due  to  the  beta 
rays.  The  gamma  rays  arc  not  deviated  by  the  electric 
or  magnetic  field.  They  are  closely  related  to  the  beta 
rays,  since  they  are  capable  of  being  transformed  into 
beta  rays.  It  is  quite  probable  that  their  ionizing  ef- 
fects in  gases  are  due  to  the  secondary  beta  rays,  which 
the  gamma  rays  produce.  The  gamma  rays  of  radium 
are  half-absorbed  after  passing  thru  115  metres  of  air. 
Due  to  the  gamma  rays,  a  delicate  electroscope  could 
readily  show  the  presence  of  one  gram  of  radium 
more  than  100  metres  distant.  The  gamma  rays  of 
radium  arc  absorbed  to  the  extent  of  about  40  per 
cent,  after  passing  thru  one  centimetre  of  lead ;  and 
after  passing  thru  ten  centimetres  of  lead,  there  is  still 
0.6  per  cent,  unabsorbed. 

Gamma  rays  from  30  milligrams  of  radium  can 
still  be  detected  by  means  of  an  electroscope  after  pass- 
ing thru  a  foot  of  iron.  As  it  is  difficult  accurately  to 
measure  the  current  due  to  the  intense  ionization  pro- 
duced by  larger  quantities  of  radium  (quantities  of  the 
order  of  one  milligram  or  more),  it  is  now  the  practice 
to  compare  such  quantities  of  raditim  by  means  of  their 
gamma-ray  ionization  current.  The  international 
gamma-ray  radium  standard  was  prepared  by  Mme. 
Curie  by  carefully  weighing  out  a  quantity  of  pure,  dry 
radium  chloride,  and  standards  prepared  by  compari- 
son with  this  international  standard  furnish  the  means 
of  estimating  accurately  larger  quantities  of  radium. 

The  first  experiments  with  uranium,  thorium  and 
radium  showed  that  the  activity  of  these  substances 
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was  spontaneous,  and  since  no  change  in  the  intensity 
of  the  radiations  was  found,  when  observations  were 
made  during  a  period  of  several  years,  it  was  supposed 
that  this  activity  was  permanent.    In  1899  and  1900 
some  observations  were  made  which  indicated  that 
some  radio-active  substances  may  lose  a  part  of  their 
activity  in  a  very  short  time.   The  activity  of  uranium 
had  been  found  by  Becquerel  and  Mme.  Curie  to  be 
an  atomic  property,  unaffected  by  the  chemical  com- 
bination of  uranium  with  other  elements.    In  1900  Sir 
William  Crookes  found  that  by  a  single  chemical 
operation  he  could  separate  from  uranium  a  very 
minute  quantity  of  a  substance,  free  from  uranium, 
which,  as  measured  by  its  effect  on  the  photographic 
plate,  was  hundreds  of  times  more  active  than  an  equal 
weight  of  uranium.   This  substance  he  called  uranium 
X,  the  "  X  "  indicating,  as  in  algebra,  an  unknown. 
Becquerel    found    another    method    for  separating 
uranium  X  from  uranium,  by  precipitating  barium  sul- 
phate in  a  solution  of  uranium  salt,  the  barium  sulphate 
carrying  down  the  uranium  X,  leaving  a  uranium  solu- 
tion that  was  inactive  (photographically).  A  year  later 
he  found  the  barium  sulphate  was  quite  inactive  and 
that  the  uranium  had  regained  its  activity.  Rutherford 
and  Soddy  found  it  possible,  by  a  single  operation,  to 
separate  a  substance  from  thorium  which  in  cases  was 
thousands  of  times  more  active  than  an  equal  weight 
of  thorium.  This  substance  they  called  thorium  X.  In 
the  case  of  thorium  it  was  not  possible  completely  to 
remove  all  the  activity,  a  limit  being  reached  when  the 
activity  of  the  thorium  was  reduced  to  about  one-third 
of  its  initial  value.    In  a  month  after  its  preparation 
thorium  X  was  found  to  be  inactive,  and  the  thorium, 
from  which  it  had  been  separated,  had  regained  its  nor- 
mal activity.   Accurate  electrical  measurements  of  the 
alpha-ray  activity  of  thorium  X  and  thorium,  free  from 
thorium  X,  showed  that  the  former  product  lost  its  ac- 
tivity at  the  same  rate  that  the  thorium  regained  its 
activity,  so  that  in  four  days  half  the  activity  of  the 
thorium  X  was  gone,  and  the  thorium  had  regained 
half  of  its  lost  activity.    In  another  four  days  half  of 
the  remaining  activity  of  the  thorium  X  was  lost  and 
the  thorium  had  regained  a  corresponding  amount,  and 
so  on,  until  by  the  end  of  the  month  the  thorium  X  was 
practically  inactive,  and  the  thorium  had  regained  its 
original  activity.    Similar  measurements  on  the  beta 
rays  of  uranium  X  (the  beta  rays  are  much  more  active 
photographically  than  the  alpha  rays,  so  that  in  Bec- 
querel's  work  the  uranium,  free  from  uranium  X  and 
producing  only  alpha  rays,  was  inactive,  in  comparison 
with  the  uranium  X,  which  produces  the  photographic- 
ally active  beta  and  gamma  rays)  showed  that  the 
uranium  X  lost  half  of  its  activity  in  about  twenty- 
five  days,  and  that  the  uranium  recovered  half  of  its 
lost  activity  in  the  same  time. 

The  velocity  of  all  ordinary  chemical  reactions  may 
be  varied  by  suitably  varying  the  conditions  of  tem- 
perature, concentrations  of  reacting  substances,  etc. 
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Hydrogen  and  oxygen  gas  may  be  mixed  at  ordinary 
temperatures  and  the  velocity  of  formation  of  water, 
due  to  their  chemical  combination,  is  exceedingly  small. 
But  if  the  mixture  is  heated  the  velocity  of  reaction 
becomes  so  great  that  the  combination  takes  place  with 
explosive  violence.  In  case  of  radio-active  changes,  it 
has  been  impossible,  so  far,  to  change  in  the  slightest 
degree  the  rate  at  which  the  change  of  activity  of  the 
different  substances  is  taking  place.  In  the  heat  of  the 
electric  furnace  or  the  cold  of  liquid  air,  in  a  state  of 
high  concentration,  or  when  mixed  with  enormous 
quantities  of  other  forms  of  matter,  the  uranium  X  and 
thorium  X,  in  fact,  all  radio-active  substances,  as  we 
shall  see,  undergo  a  loss  of  activity  at  a  definite  rate 
which  is  characteristic  for  each  of  the  substances.  The 
time  required  for  the  activity  of  a  quantity  of  a  defi- 
nite radio-active  substance  to  fall  to  half  its  initial 
value,  as  measured,  for  example,  by  its  saturation 
ionization  current  in  an  electroscope,  is  called  the 
"  half-value  period,"  or,  briefly,  its  period.  Radio- 
activity is  due  to  a  spontaneous  production  of  new 
forms  of  active  matter,  as,  for  example,  uranium  X 
from  uranium,  and  the  laws  which  control  this  pro- 
duction differ  from  the  laws  governing  ordinary  chemi- 
cal reactions,  since  by  no  known  means  can  the  rate  of 
formation  or  decay  of  the  activity  of  the  radio  elements 
be  influenced.  The  alpha,  beta,  and  gamma  rays,  and 
the  very  considerable  quantities  of  energy  with  which 
their  rays  are  endowed,  must  also  be  accounted  for. 

In  1903  Rutherford  and  Soddy  advanced  the  hy- 
pothesis that  the  atoms  of  the  radio-active  elements  are 
suffering  spontaneous  disintegration  and  that  each 
atom  so  changing  passes  thru  a  well-defined  series  of 
changes,  accompanied  usually  by  the  emission  of  an 
alpha  ray.  This  theory  supposes  that  on  an  average, 
in  a  given  time,  a  certain  definite  fraction  of  all  the 
atoms  of  any  radio-active  substance  become  unstable 
and  these  atoms  break  up.  This  process  of  disintegra- 
tion of  the  atoms  is  very  violent,  and  usually  results 
in  the  throwing  off  of  an  alpha  particle  with  great 
velocity.  In  the  case  of  some  substances,  as,  for  ex- 
ample, uranium  X,  the  atom  gives  off  a  beta  particle 
and  gamma  rays.  We  may  view  the  formation  of 
uranium  X  from  uranium,  and  thorium  X  from  thorium 
from  the  standpoint  of  the  corpuscular  theory  of  mat- 
ter. Some  of  the  uranium  atoms  become  unstable  and 
disintegrate,  each  one  shooting  out  an  alpha  particle 
and  leaving  an  atom  of  uranium  X.  Only  an  exceed- 
ingly small  fraction  of  all  the  uranium  atoms  present 
undergoes  this  change  in  any  short  interval,  and  this 
very  slow  decay  of  the  uranium  makes  the  activity  of 
the  uranium,  as  measured  by  the  ionization  current  due 
to  its  alpha  rays,  sensibly  constant.  The  half-decay 
period  of  uranium  is  estimated  to  be  about  5.000,000,000 
years. 

In  a  given  quantity  of  uranium  there  are  being  pro- 
duced every  second  a  certain  definite  number  of  atoms 
of  uranium  X.    If  the  uranium  is  initially  freed  from 


uranium  X  by  any  suitable  chemical  means,  there  will 
be  formed  in  the  first  second  this  same  definite  number 
of  uranium  X  atoms,  and  of  these  a  certain  proportion 
will  be  changed  into  the  next  product— but  not  all  will 
change.  In  the  next  second  more  uranium  X  atoms 
arc  formed,  and  since  there  arc  now  these  together 
with  the  uranium  X  atoms  which  did  not  disintegrate 
in  the  preceding  second,  the  number  which  do  change 
in  the  second  second  is  greater,  since  this  number  is 
always  the  same  definite  fraction  of  the  total  number 
of  uranium  X  atoms  present.  This  process  of  piling  up 
of  uranium  X  atoms  goes  on  until  the  number  of 
uranium  X  atoms  changing  in  an  instant  is  equal  to  the 
number  of  these  which  are  formed  per  instant  from  the 
uranium.  This  limiting  condition  is  called  that  of 
radio-active  equilibrium.  The  exact  mathematical  de- 
velopment of  this  state  of  radio-active  equilibrium  en- 
ables us  to  calculate  the  quantity  of  uranium  X  which 
is  in  equilibrium  with  a  quantity  of  uranium,  this  being 
about  one  hundred-millionth  of  a  gram  of  uranium  X 
for  a  kilogram  of  uranium.  Thorium,  which  is  decay- 
ing with  a  period  of  about  13,000,000,000  years,  gives 
rise  to  the  thorium  X  in  a  similar  manner.  The  re- 
markable amounts  of  energy  which  arc  associated  with 
radio-active  changes  may  now  be  accounted  for.  It 
comes  from  the  stores  of  energy  that  are  within  the 
atoms  of  the  transmuting  elements.  The  total  extent 
of  this  internal  energy  we  can  only  speculate  about, 
but  its  probable  magnitude  may  be  comprehended 
when  it  is  understood  that  the  energy  changes  involved 
in  the  complete  disintegration  of  one  gram  of  radium 
equals  the  heat  energy  evolved  when  half  a  ton  of  coal 
is  burned.  More  than  20,000  years  are  required  for  the 
complete  disintegration  of  a  quantity  of  radium,  so  that 
the  energy  is  liberated  rather  slowly,  and  the  cost  of 
radium  makes  the  application  of  very  large  amounts 
of  "  radio-active  "  energy  almost  prohibitive. 

In  1899  Owens  found  that  the  activity  of  thorium 
compounds  seemed  to  he  variable,  if  a  current  of  air 
were  passed  over  the  substances.  A  steady  stream  of 
air  was  found  to  reduce  the  activity  markedly.  Ruther- 
ford investigated  this  peculiar  effect,  and  decided  that 
the  thorium  was  continually  giving  off  radio-active 
particles  which  possess  the  property  of  ionizing  gases 
acting  on  the  photographic  plates,  and  of  rapidly  dif- 
fusing thru  porous  materials  like  paper.  This  sub- 
stance he  called  the  thorium  "  emanation,"  from  its 
gas-like  behavior.  Special  experiments  showed  that 
this  substance  really  is  radio-active  matter  that  is  gase- 
ous. The  thorium  emanation  must  not  be  confused 
with  the  alpha,  beta  and  gamma  rays.  The  emanation 
is  a  form  of  radio-active  matter  that  gives  off  alpha 
rays  in  the  process  of  its  disintegration.  Reing  a  gas. 
the  emanation  can  easily  be  blown  away  in  a  current 
of  air,  and  this  explains  Owens'  first  observations  on 
the  variation  of  the  activity  of  some  thorium  com- 
pounds. The  passage  of  active  matter  thru  porous 
materials  is  also  explained  in  this  way.    The  thoriiun 
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emanation,  like  thorium  X  and  uranium  X,  decays  in  a 
comparatively  short  time,  its  period  being  54  seconds, 
so  that  in  ten  minutes  after  separating  the  emanation, 
practically  all  of  it  has  decayed. 

Shortly  after  the  discovery  of  the  thorium  emana- 
tion, Dorn  found  that  radium  also  gives  rise  to  a  char- 
acteristic radio-active  gas,  which  from  analogy  is  called 
the  radium  emanation.  Thorium  emanation  and  radium 
emanation  are  given  off  only  very  slowly  from  the 
solid  thorium  and  radium  salts,  but  when  these  are 
strongly  heated  or  are  dissolved  the  emanations  are 
given  off  quite  freely.  The  period  of  radium  emana- 
tion is  3.85  days,  and  radium  free  from  its  emanation 
will  again  produce  the  equilibrium  amount  of  emana- 
tion if  sealed  for  about  thirty  days.  Radium  emana- 
tion is  a  chemically  inert  gas  of  the  argon  type.  Like 
radium,  it  shows  a  characteristic  spectrum,  and,  when 
strongly  cooled,  it  condenses  at  -150c  C.  Diffusion 
experiments  showed  that  it  was  a  gas  of  very  high 
atomic  weight,  and  in  1911  R.  W.  Gray  and  Sir  W. 
Ramsay  actually  determined  its  atomic  weight  by 
weighing  a  known  volume  of  pure  emanation.  From 
their  results,  the  atomic  weight  was  found  to  be  22.V 
The  atomic  weight  of  radium  is  226.4,  and  in  chang- 
ing into  the  emanation  one  alpha  particle  (helium 
atom)  is  lost  from  the  radium  atom.  The  atomic 
weight  of  helium  is  4,  so  that  it  is  to  be  expected  that 
the  emanation  would  have  an  atomic  weight  of  222.4. 
Some  idea  of  the  delicacy  of  the  work  of  Gray  and 
Ramsay  may  be  obtained  when  it  is  known  that  the 
weight  of  emanation  used  in  their  experiments  was 
less  than  one-thousandth  of  a  milligram,  that  the  glass 
vessels  containing  the  emanation  weighed  about  thirty 
milligrams,  and  that  the  microbalance  on  which  the 
weighings  were  made  was  sensitive  to  about  one-mil- 
lionth of  a  milligram.  Gray  and  Ramsay  have  sug- 
gested the  name  "  niton  "  (which  is  Greek  for  "  the 
shining  one  ")  for  the  radium  emanation,  since  it  now 
may  be  definitely  admitted  to  be  an  element,  and  a 
higher  analogue  of  the  "  noble  gases,"  helium,  argon, 
neon,  krypton  and  xenon.  The  amount  of  radium  ema- 
nation in  equilibrium  with  one  gram  of  radium  clement 
is  called  the  "  Curie,"  and  has  been  found  to  occupy  a 
volume  under  normal  conditions  of  temperature  and 
pressure  of  0.6  cubic  millimeter,  and  to  have  a  weight 
of  0.006  milligram.  So  delicate  are  the  electroscopic 
methods  for  detecting  radium  emanation  that  radium 
emanation  from  one  hundred-millionth  of  a  gram  of 
radium  gives  a  readily  measurable  rate  of  discharge  in 
an  electroscope.  The  luminescence  produced  by  the 
action  of  the  alpha  rays  from  radium  emanation,  when 
exposed  to  a  zinc  sulphide  screen,  is  very  marked,  for 
example,  passing  000.6  milligram  of  radium  emanation 
into  a  cylindrical  glass  vessel  having  walls  coated  with 
a  thin  layer  of  phosphorescent  zinc  sulphide  leads  to 
the  production  of  an  intense  luminescence  which  can 
readily  be  seen  in  a  darkened  room  for  a  distance  of 
fifty  feet  or  more. 


A  very  remarkable  property  of  radium  and  thorium 
is  the  ability  to  cause  bodies  which  are  exposed  to 
them  to  become  temporarily  radio-active.  A  piece  of 
metal  foil  exposed  to  thorium  hydroxide  for  several 
hours  behaves,  after  removal,  as  tho  it  were  radio- 
active. This  activity  was  at  first  called  "  induced,"  or 
"  excited,"  activity,  since  it  was  thought  that  the  ex- 
posure to  the  radio-active  substances  actually  caused 
ordinary  matter  to  become  temporarily  active.  This 
effect  is  now  known  to  be  the  result  of  a  deposit  of 
radio-active  matter  on  inactive  bodies,  and  this  radio- 
active matter  is  called  the  "  active  deposit."  Matter 
exposed  to  radium  receives  the  characteristic  radium 
"  active  deposit."  The  source  of  these  active  deposits 
is  the  gaseous  radio-active  matter  or  emanations  which 
thorium  and  radium  produce.  The  emanations  diffuse 
into  the  air  around  the  preparations,  and  in  decaying 
give  rise  to  other  radio-active  matter,  which,  not  being 
gaseous,  collects  on  whatever  objects  may  be  about, 
and  constitutes  the  "  active  deposit."  The  periods  of 
these  active  deposits  have  been  measured  and  are  found 
to  be  26.8  minutes  for  the  radium  deposit,  and  10.6 
hours  for  the  thorium  deposit. 

The  work  of  a  great  many  experimenters  has 
shown  that  these  active  deposits  are  complex,  consist- 
ing of  a  mixture  of  various  successive  radio-active 
products.  The  various  products  in  an  active  deposit 
exhibit  characteristic  chemical  and  physical  properties, 
and,  by  taking  advantage  of  these,  separations  of  the 
various  forms  of  radio-active  matter  in  the  deposit  may 
be  effected.  These  products  are  always  present  in  un- 
weighably  small  quantities  (due  to  their  short  periods), 
and  so  these  separations  must  always  leave  the  radio- 
active material  mixed  with  certain  quantities  of  ordi- 
nary inactive  matter  necessary  in  order  that  there  may 
be  something  tangible  with  which  to  work.  The  active 
deposit  of  thorium,  collected  on  a  platinum  plate,  may 
be  dissolved  in  acid  or  volatilized  by  heating  the  plate 
to  a  white  heat.  In  the  radium  series  the  first  product 
from  the  emanation,  called  radium  A,  has  a  period  of 
three  minutes.  This  radium  A  in  disintegrating  forms 
what  is  called  radium  B,  a  product  that  has  a  period  of 
26.8  minutes.  Radium  R  gives  rise  to  beta  rays  and 
the  product  radium  C.  Radium  C,  decaying  with  a 
period  of  19.5  minutes,  produces  alpha,  beta  and 
gamma  rays  and  radium  D.  Radium  D  has  a  longer 
period,  16.5  years,  so  that  while  the  active  deposit  on  a 
substance  which  has  been  exposed  to  radium  emana- 
tion at  first  decays  rapidly — due  to  the  short  periods  of 
radium  A,  B,  and  C — there  is  left  a  slight  residual  ac- 
tivity, due  to  the  slow  decaying  D,  and  the  subsequent 
products  radium  E  and  radium  F.  The  period  of 
radium  E  is  five  days,  and  that  of  radium  F  is  1.16 
days.  Radium  F  gives  off  alpha  rays,  and  w-e  now 
know  that  the  product  which  Mme.  Curie  first  isolated 
with  the  bismuth  from  pitchblende  residues,  and  called 
polonium,  is  nothing  other  than  radium  F,  that  accu- 
mulates in  the  pitchblende. 
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The  radio-elements  now  known  number  about  out  to  test  whether  the  newly-formed  radium  could  be 

thirty,  and  may  be  grouped  into  three  families — the  detected  in  uranium  initially  freed  from  radium.  The 

uranium-radium  group,  the  actinium  group,  and  the  experiments  gave   negative  results,  and  Boltwood 

thorium  group.  found  that  there  is  a  long-lived  product,  ionium,  in  the 

Since  the  half-decay  period  of  radium  is  about  1700  scries  between  uranium  X  and  radium, 
years,  it  is  evident  that  in  about  20,000  years  prac-        Actinium  is  always  found  in  the  uranium  minerals, 


Table  of  the  Radio-elements 


Uranium  1 
5,000,000,000  vears 
alpha  rays  Vl 
8%  (?) 

1 

URANIUM  X, 

24.6  days 
beta,  gamma  rays  IV 
1 

Uranium  Y 

15  days 
beta  rays  IV 

1 

Uranium  Z 
(hypothetical) 
alpha  rays  V 

Thorium 
13,000,000,000  vears 
alpha  rays  IV 

Uranium  Xt 
1.15  minutes 
beta  rays  V 

1 

Mksothorium  1 

5.5  years 
beta  rays  II 

Uranium  2 
100,000  years  (?) 

rr™ 

Actinium 
Period  unknown 
beta  rays  III 

Mesothorium  2 

6.2  hours 
beta,  gamma  rays  III 

Ionium 
200,000  years  (?) 
alpha  rays  IV 

| 

Radioactinium 

19.5  days 
alpha  rays  IV 

Radiothorium 

2  years 
alpha  ravs  IV 

1  ' 

Radium 
1,700  years 
alpha  ravs  II 

1 

Actinium  X 

10.2  days 
alpha  rays  II 

Act.  Emanation 
3.9  seconds 
alpha  rays  O 

Thorium  X 

3.65  day* 
alpha  rays  II 

Ra.  Emanation  (Niton) 
5.8*  days 
alpha  rays  O 

Th.  Emanation 
54  seconds 
alpha  rays  O 

Radium  A 

3  minutes 

alpha  rays  VI 

Actinium  A 

0  (102  srmnd 
alpha  rays  VI 

Actinium  B 
36  minutes 
beta  rays  IV 

Thorium  A 

H  1  ■!  tiT'unvl 

alpha  rays  VI 

Radium  B 

26.8  minutes 
beta,  gamma  rays  IV 

Thorium  B 
10.6  hours 
beta  rays  IV 

1 

Radium  Ci 
19.5  minutes 
99.97%  gamma  Iwta  V           alpha  0.03  % 

Radii-m  C>                   Radii  v  Ct 
10-'  sec.                     1.4  minutes 
alpha  rays  VI            beta,  gamma  rays  III 

Actinium  C 
2.1  minutes 
alpha  rays  V 

TnoRiuM  C  1 

60  minutes 
65%  beta  rays  V                alpha  35% 

Thorium  Ci                Thorium  D 
10-"  second                   3.1  minutes 

Actinium  D 
4.71  minuu?s 
beta,  gamma  rays  III 

Radium  D                    End  IV 
16.5  years  non-radio-active 
beta  rays  IV                isotope  of  lead 

End  IV 

non-radio-active 
isotope  of  lead 

End  IV                      End  IV 
non-radio-active  non-radio-active 
isotope  of  lead                isotope  of  lead 

Radium  E 

5.0  days 
beta  rays  V 


Radium  F 

(Polonium) 
136  days 
alpha  rays  VI 

I 

Radium  G 

non-radio-active  IV 
Chemically  identical 
with  lead 

tically  all  the  radium  now  existing  will  have  trans-  and  its  origin  is  obscure,  tho  it  seems  probable  that  it 
muted,  and,  in  order  to  account  for  the  presence  of  results  as  a  branch  product  in  the  uranium  series.  That 
radium  to-day,  a  longer-lived  product  must  be  sought,  is,  one  of  the  products  in  the  uranium  series  is  thought 
This  parent  is  the  element  uranium.  A  number  of  re-  to  disintegrate  in  two  fashions,  one  of  the  products 
searches,  beginning  with  the  work  of  Boltwood,  being  actinium,  the  product  of  the  other  method  of 
McCoy,  and  of  Strutt,  have  shown  that  there  is  a  rela-  changing  being  a  substance  which  finally  leads  to 
tion  between  the  amount  of  radium  and  of  uranium  in  radium. 

most  uranium  minerals.    Experiments  were  carried         The  accompanying  diagrammatic  representation  of 
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these  series  of  radio-active  elements  shows  the  order  in 
which  the  products  occur,  their  half-decay  periods,  the 
rays  which  they  give  off  in  the  process  of  their  transmuta- 
tion, and  their  maximum  valence  (Roman  numeral). 

All  of  the  decay  products  of  the  uranium-radium 
series  are  found  in  any  geologically  old  ore  containing 
uranium,  the  proportionate  amount  of  each  product  de- 
pending upon  the  rate  at  which  the  radio  element  is 
undergoing  the  process  of  transmutation  or  decay.  For 
each  three  million  parts  of  uranium  in  an  old  unaltered 
ore,  there  is  one  part  of  radium.  Consequently  for 
each  per  cent,  of  uranium  oxide  (UjO,)  in  a  ton  of 
uranium  ore,  there  are  2.5  milligrams  of  radium 
element.  « 

Radium  of  the  radio-elements  of  the  uranium-radium 
series  has  come  to  be  of  more  commercial  Importance 
than  the  other  members  of  the  series,  owing  to  the  fact 
that  it  is  undergoing  the  transmutation  process  rather 
slowly,  requiring  1700  years  for  the  decay  of  half  of 
any  quantity,  while  the  subsequent  products,  Radium 
Emanation,  Ra  A,  Ra  B  and  the  complex  Ra  C,  are 
all  undergoing  a  very  rapid  process  of  transmutation, 
resulting  in  the  rapid  emission  of  a  succession  of  rays 
from  each  of  these  products  for  each  atom  of  radium 
that  transforms.  Thus,  a  radium  preparation  has  the 
long  life  of  radium,  and  the  high  degree  of  radio-ac- 
tivity contributed  by  the  rapid  transmutation  of  the 
successive  decay  products  of  radium.  No  other  radio- 
element  combines  these  two  advantages  in  the  same 
degree,  the  nearest  competitor,  mesothorium,  having  a 
far  shorter  life  than  radium,  the  time  required  for  the 
transmutation  of  half  of  any  amount  of  this  element 
being  only  5.5  years. 

Pitchblende,  the  ore  from  which  radium  was  first 
produced,  occurs  in  small  quantities  in  several  locali- 
ties in  the  United  States,  nojtably  in  Gilpin  County, 
Colorado,  but  so  far  this  ore  has  not  been  the  source 
of  any  radium  produced  in  this  country.  Carnotite,  a 
potassium  uranyl  vanadate,  is  the  ore  which  occurs 
most  extensively  in  the  United  States,  the  most  notable 
deposits  being  those  of  southwestern  Colorado  and 
southeastern  Utah.  High-grade  carnotite,  which  is 
comparatively  rare,  is  a  soft,  talc-like  sulphur-yellow 
mineral,  corresponding  essentially  to  the  composition 
of  a  potassium  uranyl  vanadate.  The  commercial  car- 
notite ore  is  a  low-grade  mineral  usually  found  in  sand- 
stone formations  where  the  carnotite  material  acts  as  a 
cement  for  the  grains  of  sand.  This  low-grade  ore 
contains  from  traces  up  to  several  per  cent,  of  uranium 
oxide,  the  workable  ore  containing  from  about  0.5  per 
cent,  upward.  Owing  to  the  greater  amounts  of  lower- 
grade  ore.  the  average  working  ore  contains  about  1 
per  cent,  of  uranium  oxide,  and  consequently  each  ton 
of  this  ore  contains  2.5  milligrams  of  radium  element. 
The  great  problem  of  radium  production  is  the  eco- 
nomical treatment  of  these  lower-grade  ores,  which 
must  be  conserved  because  of  their  more  extensive  oc- 
currence.   The  region  in  which  carnotite  is  mined  is 
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remote  from  railroads,  and  so  the  ore  must  be  hauled 
long  distances  by  burros  and  wagons.  Burros  bring 
the  ore  from  the  hills  to  the  wagon  roads  and  the  aver- 
age wagon  haul  is  about  forty  miles.  The  ore  as  found 
usually  consists  of  a  thin  layer  of  sandstone  which 
crops  out  on  the  side  of  a  canyon  wall  and  is  recognized 
by  the  characteristic  sulphur-yellow  color.  The  nar- 
rowness of  the  seams  makes  it  necessary  to  take  out  a 
large  amount  of  worthless  stone  to  secure  the  carno- 
tite ore.  The  seams  are  usually  in  the  form  of  pockets, 
so  that  the  value  of  a  claim  is  dubious  until  it  has  been 
thoroly  explored  and  worked. 

The  physical  nature  of  low-grade  carnotite  ore  is 
such  as  to  make  possible  a  mechanical  concentration 
of  the  values.  This  is  carried  out  on  ore  containing  2 
per  cent,  or  less  of  uranium  oxide.  The  methods  in  use 
are  both  wet  and  dry,  and  consist  essentially  in  a 
process  of  grinding  to  loosen  the  carnotite  material 
from  the  sand  grains  and  then  separating  the  values 
from  the  tails  by  a  process  of  dry  or  wet  elutriation. 

The  fine  powdered  concentrates  are  next  subjected 
to  chemical  treatment  to  remove  the  uranium  and 
vanadium,  and  then  the  residue,  which  still  contains 
the  radium,  is  subjected  to  further  chemical  treatment 
to  remove  this  constituent  together  with  the  barium 
salts  present  in  the  ore. 

Chemically,  radium  is  so  nearly  like  barium  as  to 
make  it  impossible  to  separate  the  radium  from  the 
barium  present  in  the  ore  by  a  single  operation.  Since 
a  ton  of  average  ore  contains  only  a  few  milligrams  of 
radium,  while  the  ore  usually  contains  in  the  order  of  a 
half  per  cent,  of  barium  sulphate  or  other  barium  salts, 
it  is  obviously  simpler  to  regard  the  chemical  treat- 
ment of  the  ore  as  a  process  of  removing  all  the  barium 
from  the  ore.  This  is  carried  out  in  a  number  of  dif- 
ferent ways;  some  wet,  as  in  the  Bureau  of  Mines 
nitric  acid  treatment,  which  is  only  applicable  to 
coarsely-ground,  high-grade  ore,  or  boiling  the  concen- 
trates with  soda,  with  subsequent  acid  leaching;  or 
dry  methods,  such  as  fusion  with  alkali  or  soda,  with 
subsequent  solution  of  the  insoluble  radium-barium- 
calcium  residue  in  acid. 

The  next  step  in  the  preparation  of  radium  salts 
consists  in  subjecting  the  radium-barium  salt  to  a 
process  which  will  separate  the  radium  from  the 
barium.  No  strictly  chemical  process  for  effecting  this 
separation  is  suitable,  and  practically  a  process  of  frac- 
tional crystallization  of  the  chloride,  bromide  or  hy- 
droxide is  used.  It  was  found  by  Mme.  Curie,  for  ex- 
ample, that  radium-barium  chloride,  when  allowed  to 
crystallize  from  an  aqueous  solution,  gives  crystals 
containing  a  greater  proportion  of  radium  to  barium 
than  was  contained  in  the  original  salt,  or  the  salt  left 
in  solution  in  the  mother  liquor.  Application  of  this 
fact  in  a  process  of  fractional  crystallization  makes  it 
possible  to  concentrate  the  radium  in  the  "  heads " 
and  the  barium  in  the  "  tails,"  resulting  finally  after 
hundreds  of  operations  in  the  production  of  a  few  hun- 
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dred  milligrams  of  comparatively  pure  radium  salt  from 
the  treatment  of  hundreds  of  kilos  of  the  crude  radium- 
barium  salt  as  obtained  from  the  ore. 

There  is  probably  a  total  of  not  more  than  a  hun- 
dred and  twenty  grams  of  radium  element  in  all  the 
high-grade  radium  preparations  in  the  whole  world. 
Of  this  amount  thirty  grams  have  been  prepared  in  the 
Radium  Research  Laboratory  of  the  Standard  Chemi- 
cal Company  during  the  five  years  that  production  has 
been  under  way.  Other  production  in  the  United 
States,  including  the  radium  produced  by  the  United 
States  Bureau  of  Mines  for  the  National  Radium  In- 
stitute, probably  totals  about  fifteen  grams,  making  the 
United  States  the  producer,  to  date,  of  over  a  third  of 
the  world's  radium  supply.  The  present  producing 
capacity  of  the  Standard  Chemical  Company  is  1.5 
grams  of  radium  element  per  month. 

The  greatest  use  for  radium  up  to  the  present  has 
been  in  the  treatment  of  various  growths,  malignant 
and  benign.  Certain  types  of  cancer  respond  readily 
to  the  action  of  the  beta  and  gamma  rays  of  radium 
(the  more  penetrating  rays)  and  this  same  action  also 
enables  the  medical  man  to  give  great  relief  in  certain 
types  of  hopeless  cancer,  where  medical  science  has 
heretofore  been  helpless.  For  these  medical  purposes 
the  radium  salt  is  used,  not  as  a  medicine  but  rather 
as  a  physical  agent  for  the  production  of  its  character- 
istic rays.  The  radium,  usually  in  the  form  of  radium- 
barium  sutphate,  containing  from  60  per  cent,  to  90 
per  cent,  of  pure  radium  sulphate,  is  either  sealed  her- 
metically in  tiny  thin-walled  glass  tubes  or  is  spread 
in  an  enamel  or  varnish  over  the  surface  of  a  metallic 
plaque.  In  this  way  the  radium  salt  is  comparatively 
safe  from  loss  and  may  be  utilized  continually  with 
practically  no  depreciation,  since  the  activity  falls  by 
only  one  per  cent,  in  about  twenty-five  years. 

A  use  of  radium  which  has  a  considerable  applica- 
tion, and  which  now  is  becoming  of  almost  as  great 
importance  as  the  medical  use,  is  in  the  production  of 
the  so-called  permanently  luminous  compounds.  This 
luminous  material  finds  a  wide  range  of  use  in  all 
forms  of  dials  and  indicators  that  must  be  seen  in 
darkness  or  semi-darkness. 

Phosphorescent  compounds  arc  those  which  when 
exposed  to  suitable  light  are  capable  of  storing  up  some 
of  the  energy,  which  is  subsequently  emitted  in  the 
form  of  light.  A  number  of  phosphorescent  substances 
are  known  in  which  the  luminescence  persists  for  some 
time.  Of  these,  the  best  known  was  the  specially  pre- 
pared calcium  sulphide,  which  formed  the  base  of 
Ralmain's  patented  luminous  paint.  However,  expos- 
ure to  light  is  absolutely  essential  to  the  production  of 
any  degree  of  luminescence,  and  after  such  exposure 
this  material  emits  a  bluish  light  for  only  several  hours. 
It  was  first  used  about  1877  on  watch  and  clock  dials, 
etc.,  but  was  practically  discarded  about  twenty  years 
ago.  largely  because  of  the  necessity  of  first  exposing 
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the  articles  to  light  to  render  the  luminous  paint 
effective. 

Early  in  this  country,  after  the  discovery  of  radium 
and  other  strongly  radio-active  substances,  such  as 
actinium,  it  was  found  that  the  rays  of  the  radio-active 
substances  were  capable  of  exciting  certain  materials 
to  the  emission  of  visible  light,  even  when  not  previ- 
ously exposed  to  light — the  necessary  energy  being 
supplied  from  the  radio-active  material.  Of  all  known 
materials,  phosphorescent  zinc  sulphide,  so-called 
"  Sidot's  hexagonal  blende,"  gives  the  greatest  lumin- 
escence when  exposed  to  the  rays  of  radium,  most  of 
the  light  from  the  zinc  sulphide  being  due  to  the 
numerous  scintillations  produced  by  the  bombarding 
of  the  zinc  sulphate  crystals  by  the  alpha  rays. 

Phosphorescent  zinc  sulphide  consists  of  a  specially 
prepared  crystalline  form  of  zinc  sulphide  which,  when 
mixed  with  an  amount  of  radium,  continues  to  emit  a 
greenish-yellow  light,  the  intensity  of  the  lumines- 
cence being  dependent  on  the  quality  of  the  zinc  sul- 
phide and  the  proportion  of  radium  used. 

It  has  been  known  that  many  phosphorescent  sub- 
stances respond  strongly  to  the  action  of  ultra-violet 
rays  and  X-rays;  however,  the  substances  which  are 
very  luminescent  under  the  action  of  these  rays  (such, 
for  example,  as  Balmain's  calcium  sulphide,  and  native 
willemite)  do  not  necessarily  produce  the  brightest 
luminous  mixtures  when  radium  is  added.  To  test  the 
suitability  of  any  given  material,  it  is  cither  necessary 
to  add  radium  directly  to  the  substance  and  compare 
the  resulting  luminosity  with  that  of  a  good  grade  of 
zinc  sulphide  containing  an  equivalent  amount  of 
radium,  or  otherwise  to  bring  alpha  rays  to  play  on  the 
materials.  We  have  found  a  polonium  plate  about 
twenty  millimetres  in  diameter  most  useful,  since  this 
preparation  emits  an  intense  alpha  radiation.  With  a 
suitable  polonium  plate  a  superficial  luminescence  can 
be  obtained  in  zinc  sulphide  equal  to  that  obtained  by 
the  addition  of  several  hundred  micrograms  of  radium 
per  gram  of  zinc  sulphide.  By  holding  this  plate  over 
two  adjacent  specimens  of  zinc  sulphide  or  other  ma- 
terial, it  is  very  easy  to  determine  the  relative  values 
of  their  alpha-ray  luminescence. 

The  luminescence  of  the  zinc  sulphide  is  roughly 
proportional  to  the  radium  content,  falling  off  some- 
what as  increasingly  large  '  amounts  of  radium  are 
added.  Commercially  luminous  compound  is  in  use 
containing  from  25  to  300  micrograms  (millionths  of  a 
gram)  of  radium  clement  per  gram  of  the  mixture. 
Careful  photometric  tests  have  demonstrated  that  the 
rate  of  decay  of  the  luminescence  is  proportional  to 
the  amount  of  radium,  so  that  compounds  which 
initially  arc  brightest  show  the  most  rapid  falling  off 
in  luminescence,  while  compounds  containing  propor- 
tionally less  radium  are  not  initially  so  brilliant,  but 
have  a  longer  effective  life. 

The  decay  in  the  luminescence  of  compounds  in 
which  radium  is  the  exciting  agent  is  not  due  to  change 
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in  the  radio-active  substances,  since  it  is  well  known 
that  radium  changes  so  slowly  as  to  require  1700  years 
for  its  half-decay — approximately  l/25th  of  one  per 
cent,  change  taking  place  in  one  year.  The  change  in 
the  zinc  sulphide,  however,  is  not  so  slow,  which  ac- 
counts for  the  diminishing  luminescence  of  the  com- 
pound with  time.  There  are  many  points  in  connec- 
tion with  light  emission  from  zinc  sulphide  that  still 
remain  to  be  explained.  However,  it  may  be  said  that 
the  behavior  of  the  substance  indicates  a  capacity  for 
sending  out  only  a  certain  total  amount  of  light,  so 
that  where  a  greater  luminosity  is  excited  by  the  use 
of  a  larger  proportion  of  radium,  the  life  of  the  zinc 
sulphide  is  proportionately  shortened. 

In  the  application  of  the  luminous  compound  for  its 
various  uses  it  is  mixed  with  a  suitable  vehicle,  usually 
some  form  of  clear,  transparent  varnish,  the  resulting 
thick  paint  being  applied  by  means  of  a  fine  stiff-haired 
brush  or  a  fine  stylus.  The  difficulties  to  be  overcome 
in  this  connection  are  dependent  on  the  nature  of  the 
material  and  surface  to  be  painted,  as  well  as  the 
nature  of  the  surroundings.  Paper,  porcelain,  mica, 
and  metal  dials  of  all  sorts  bearing  figures  and  lines 
are  now  used.  In  the  liquid-damped  compasses,  such 
as  the  aero-compasses,  the  card  floats  in  alcohol,  thus 
introducing  a  further  requirement  that  the  luminous 
paint  resist  the  action  of  this  solvent.  The  varnish 
most  suitable  for  this  purpose  is  yet  to  be  found.  For 
some  instruments,  such  as  aeroplane  instruments,  the 
requirements  of  luminosity  are  of  most  importance  and 
outweigh  the  other  considerations  of  cost  and  length 
of  effective  life.  For  such  purposes  the  grades  of 
luminous  compound  are  prepared  which  give  the  high- 
est initial  luminosity,  due  to  a  larger  proportion  of 
radium,  and  having,  consequently,  a  shorter  effective 
life.  For  many  other  purposes,  such  as  the  use  on 
marching  compasses,  wrist  watches,  etc.,  luminous 
compound  of  lower  initial  luminosity  is  recommended, 
and  this  material  has  the  advantage  of  lower  cost  and 
longer  life. 

The  chemistry  of  the  radio-elements  and  the  work 
on  the  constitution  of  the  atom  (a  large  number  of  the 
most  important  articles  on  this  subject  have  appeared 
in  the  Philadelphia  Magazine  during  the  past  several 
years.  The  article  by  Rutherford  on  "  The  Structure 
of  the  Atom  "  in  vol.  27.  p.  488,  March,  1914,  is  very 
interesting  for  the  general  reader)  which  has  grown 
out  of  the  study  of  the  radio-elements  and  their  rays 
presents  a  far  more  interesting  field  than  the  tech- 
nology of  radium,  particularly  since  the  various  phases 
of  the  treatment  of  radium  ore,  etc.,  cannot  be  detailed 
minutely.  The  atom,  according  to  J.  J.  Thompson,  can 
be  considered  as  a  series  of  concentric  rings  of  elec- 
trons in  rapid  orbital  motion  about  or  within  a  sphere 
of  positive  electrification.  Such  an  atom  is  capable  of 
accounting  for  many  of  the  properties  of  matter,  both 
material  and  electrical.  Rutherford  more  recently  has 
modifier!  this  view  of  the  atom  and  considers  the  sphere 
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of  positive  electrification  or  nucleus  of  the  atom  as  ex- 
ceedingly minute  in  comparison  with  the  dimensions 
of  the  atom.  This  view  is  the  result  of  careful  obser- 
vations on  the  scattering  or  deviation  of  alpha  rays 
from  their  paths  in  passing  thru  matter,  the  assump- 
tion being  that  the  very  sharp  bends  in  the  path  of  the 
alpha  ray  indicate  an  approach  of  the  alpha  ray  to  the 
nucleus,  causing  the  deviation.  Mathematical  calcula- 
tions by  Darwin  for  alpha  rays  in  hydrogen  demon- 
strate that  the  centres  of  the  nuclei  (the  alpha  ray  is 
the  nucleus  of  the  helium  atom)  must  approach  to 
within  1.7  X  10'3  centimetres  of  each  other.  This 
view  is  confirmed  also  by  experiments  made  by  Mars- 
den  on  the  repulsion  of  the  hydrogen  nuclei  by  alpha 
rays.  According  to  Rutherford,  the  hydrogen  atom 
consists  of  one  negative  electron  moving  orbitally 
about  the  nucleus,  which  consists  of  a  positive  electron 
having  a  much  smaller  diameter  than  the  negative 
electron.  As  is  well  known,  the  mass  of  the  negative 
electron  is  about  1/1700  the  mass  of  the  hydrogen 
atom,  so  that  the  bulk  of  the  mass  of  the  hydrogen 
atom  must  reside  in  the  nucleus,  and  this  is  accounted 
for  on  the  basis  of  electro-magnetic  mass  by  the  fact 
that  the  diameter  of  the  hydrogen  nucleus  is  so  much 
smaller  than  that  of  the  negative  electron.  Alpha 
rays  penetrating  into  a  gas,  such  as  hydrogen,  move 
thru  a  definite  distance  before  they  lose  their  kinetic 
energy  and  become  ordinary  helium  atoms.  This  dis- 
tance is  called  their  range,  and  within  its  range  the 
alpha  ray  is  capable  of  producing  such  phenomena  as 
ionization  of  gases,  scintillation  in  zinc  sulphide,  etc., 
whereas  at  a  distance  greater  than  the  range,  these 
phenomena  are  not  observed.  Marsden  has  found  that 
when  the  alpha  rays  from  radium  impinge  into  hydro- 
gen gas  there  are  the  usual  scintillations  observed  on  a 
zinc  sulphide  screen  due  to  the  alpha  rays ;  however, 
beyond  the  range  of  the  alpha  rays,  some  three  or 
four  times  the  distance  to  which  the  alpha  rays  could 
penetrate,  there  are  still  scintillations  and  these  are 
attributed  to  the  hydrogen  nuclei  which  are  set  in 
rapid  motion  by  collision  with  the  alpha  rays,  the 
energy  of  the  alpha  ray  being  transferred  to  the  hydro- 
gen nucleus,  and  this  having  a  smaller  mass  moves 
thru  the  longer  range. 

The  nature  of  the  X-rays  and  the  gamma  rays  was 
the  subject  of  considerable  discussion  for  many  years, 
altho  the  majority  inclined  to  the  opinion  that  these 
rays  were  of  the  nature  of  ether  pulses.  Owing  to  the 
fact  that  the  rays  could  not  be  defractcd  or  reflected  it 
was  not  possible  to  demonstrate  satisfactorily  their  re- 
lation to  ordinary  light.  Visible  light,  as  we  know,  can 
be  defractcd  by  means  of  a  grating  made  by  ruling 
parallel  lines  on  a  suitable  plate,  using  many  thousands 
of  lines  per  inch.  It  occurred  to  Lauc,  a  German 
physicist,  that  the  orderly  arrangement  of  the  atoms  in 
a  crystal  might  serve  as  a  grating  for  the  defraction  of 
the  X-rays,  and  at  his  request  Friedrich  and  Knipping 
observed  the  effect  of  passing  a  thin  beam  of  parallel 
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X-rays  thru  a  crystal  of  copper  sulphate  to  a  photo- 
graphic plate.  The  result  was  a  dark  central  spot  on 
the  photographic  plate  corresponding  to  the  direct  beam 
of  rays  and  about  this  central  spot  were  symmetrically 
arranged  lighter  spots  corresponding  to  detracted 
beams.  This  marked  the  beginning  of  a  careful  study 
of  the  nature  of  X-rays  and  the  closely  related  gamma 
rays.  Suffice  to  say  that  it  seems  evident  from  the 
work  of  Moseley,  de  Broglie,  the  Braggs,  and  Ruther- 
ford and  his  students,  that  all  of  the  elements  arc  char- 
acterized by  a  definite  X-ray  spectrum.  Just  as  we 
know,  that  the  different  elements  have  characteristic 
lines  in  the  visible  spectrum,  so  it  has  been  found  that 
there  can  be  excited  by  the  elements  definite  vibration 
of  short  wave-length  which  we  call  X-rays,  and  a 
simple  relation  has  been  observed  between  the  fre- 
quency of  these  X-ray  vibrations  of  the  elements  and 
the  elements  when  they  are  set  in  the  order  of  their 
increasing  atomic  weight.  A  general  formula  has  been 
developed  relating  the  frequency  of  the  characteristic 
X-rays  and  certain  constants  with  a  variable  which  is 
an  integer,  the  particular  integer  for  each  element  being 
called  the  atomic  number.  By  arranging  the  elements 
in  order  of  increasing  atomic  weight  it  has  been  found 
that  the  successive  atomic  numbers  may  be  represented 
by  the  integers,  beginning  with  H  as  unity.  This  most 
interesting  result  for  the  first  time  gives  us  a  relation 
between  various  elements  which  does  not  involve  the 
fractions  that  arc  so  puzzling  in  connection  with  atomic 
weights,  if  we  could  consider  the  atoms  as  being  built 
up  from  a  few  fundamental  units  such  as  electrons  and 
hydrogen  nuclei. 

Mewed  in  the  light  of  the  Rutherford  atom  we 
must  assume  that  the  heavier  atoms  consist  of  a  small 
nucleus,  about  which  are  rotating  rings  of  negative 
electrons.  The  mass  of  the  atom  depends  mainly  upon 
the  nucleus,  whereas  the  chemical  properties  and  the 
visible  spectrum  depend  upon  the  number  and  arrange- 
ment of  the  outer  electrons.  The  number  of  these 
outer  electrons  is  of  the  order  of  one-half  the  atomic 
weight,  and  corresponds  to  the  number  of  unit  posi- 
tive charges  on  the  nucleus,  which  in  turn  corresponds 
to  the  characteristic  atomic  number.  The  important 
generalization  growing  out  of  this  is  that  the  nucleus 
charge,  rather  than  the  atomic  weight,  is  the  deter- 
mining factor  governing  the  chemical  and  certain 
physical  properties  of  the  elements.  The  statement  of 
the  periodic  law  must  be  modified  and  we  may  say  that 
the  chemical  properties  of  the  elements,  and  those 
physical  properties  not  dependent  on  the  mass  of  the 
atom,  are  a  periodic  function  of  the  nucleus  charge 
(atomic  number) ;  for,  as  we  shall  see,  there  are  ele- 
ments having  practically  identical  atomic  weights 
(uranium  X,  and  uranium  X,)  with  differing  chemical 
properties,  and  other  elements  having  measurably  dif- 
ferent atomic  weights  (radium  G  and  lead)  with  identi- 
cal chemical  properties  and  spectra.  If  this  is  the  case, 
then  in  the  uranium  atom  which  has  an  atomic  num- 


ber, of  92,  there  will  be  92  negative  electrons  moving 
in  orbits  about  the  nucleus.  The  nucleus  is  made  up 
of  negative  electrons  and  positive  electrons.  There  are 
good  reasons  for  believing  that  the  alpha  and  beta  rays 
emitted  by  radio-active  atoms  come  from  the  nucleus 
of  the  disintegrating  atom.  It  is  significant  that  the 
helium  nucleus  rather  than  the  hydrogen  nucleus  is 
thrown  off,  and  this  would  seem  to  point  to  a  large 
number  of  helium  nuclei  being  present  in  the  make-up 
of  the  radio-active  atom.  The  helium  nucleus  wc  may 
assume  to  be  made  up  of  four  hydrogen  nuclei  with 
two  negative  electrons.  It  is  possible  there  is  a  variety 
of  stable  configurations  similar  to  the  helium  nucleus 
which  go  together  to  form  the  nucleus  in  the  heavier 
atoms.  As  far  as  radio-active  evidence  shows  us,  only 
helium  nuclei  and  negative  electrons  are  emitted  in  the 
process  of  radio-active  transmutation ;  therefore,  we 
may  assume,  for  example,  that  the  nucleus  of  the 
uranium  atom  consists  of  59  helium  nuclei  and  2  hy- 
drogen nuclei  and  28  negative  electrons,  since  the 
atomic  weight  (238)  must  be  accounted  for  mainly  by 
the  mass  of  these  particles.  In  the  process  of  transmu- 
tation one  helium  nucleus  is  lost  from  the  uranium 
nucleus  and  the  resulting  atom  is  uranium  X,. 

An  interesting  rule  has  been  given  by  Soddy  to 
account  for  the  valence  changes  in  the  successive 
radio-elements.  Loss  of  an  alpha  particle  lowers  the 
valence  of  the  succeeding  element  by  2,  whereas  the 
loss  of  a  beta  particle  increases  the  valence  by  1.  A 
reference  to  the  table  of  the  radio-elements,  given  be- 
fore, shows  how  well  the  observed  results  accord  with 
these  rules.  Uranium  1  with  the  valence  6  emits  an 
alpha  ray  and  uranium  X,  corresponds  in  its  chemical 
properties  to  an  atom  of  valence  4.  Uranium  X,  emits 
a  beta  particle  and  uranium  X,  has  the  valence  5. 
Cranium  X2  loses  a  beta  ray  and  uranium  II  has  the 
valence  6. 

This  brings  up  the  interesting  point  of  the  placing 
of  the  radio-elements  in  the  periodic  system.  The 
placing  of  the  clement  in  the  periodic  system  signifies 
that  we  attribute  to  the  element  certain  chemical  prop- 
erties. Ordinarily  between  two  closely  related  ele- 
ments there  are  a  number  of  dissimilar  elements,  so, 
for  example,  in  passing  from  sodium  to  potassium  we 
find  magnesium,  aluminium,  silicon,  phosphorus,  sul- 
phur, chlorine  and  argon.  In  the  case  of  the  radio-ele- 
ments wc  find  practically  thirty  elements  between  the 
atomic  weight  206  and  238,  so  that  it  is  obviously  im- 
possible to  place  each  of  the  elements  in  a  separate 
place  in  the  periodic  table,  there  being  only  room  for 
about  fifteen  elements  at  most.  It  was  early  observed 
that  certain  of  the  radio-elements  seemed  to  be  in- 
separable from  each  other  by  the  ordinary  chemical  or 
physical  methods  used ;  for  example,  a  preparation  of 
thorium  which  should  have  contained  several  per  cent, 
of  ionium  was  found  to  have  only  the  spectrum  of 
thorium,  and  it  was  impossible  to  separate  the  thorium 
from  the  ionium  present.   Likewise,  thorium  and  radio- 
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thorium  were  found  to  be  inseparable,  as  were  also 
radium  and  mesothorium  1.  This  chemical  similarity 
was  at  first  thought  to  be  comparable  to  that  of  the 
rare  earths  which  have  required  the  most  careful  work 
to  achieve  their  separation.  Soddy,  however,  has  ad- 
vanced an  hypothesis  to  account  for  this  chemical 
similarity  which,  from  the  standpoint  of  importance 
to  chemistry,  ranks  second  only  to  the  generalization 
of  Rutherford  and  Soddy  in  regard  to  the  transmuta- 
tion of  the  radio-elements.  Briefly,  this  view  is  that 
we  may  have  elements  of  different  atomic  weight  but 
of  identical  chemical  properties.  In  the  case  consid- 
ered above,  uranium  I  and  uranium  II  differ  by  about 
4  units  (1  helium  nucleus  and  2  electrons)  in  their 
atomic  weights,  but  both  have  the  same  valence,  and 
it  has  been  found  that  the  two  forms  of  uranium,  which 
were  long  suspected  because  of  the  two  alpha  rays  of 
different  range  emitted  from  uranium,  cannot  be  sepa- 
rated by  any  known  methods.  Hence  these  two  ele- 
ments are  grouped  together  in  the  one  space  of  the 
periodic  table,  and  Soddy  has  suggested  for  this  and 
similar  elements  the  name  isotopes,  meaning  that  they 
occupy  the  same  position.  With  this  in  view  and  with 
the  rules  above  referred  to,  we  may  readily  place  all  of 
the  radio-elements  in  the  few  positions  of  the  periodic 
table  that  are  available.  For  example,  ionium  results 
from  uranium  X,  by  the  loss  of  an  alpha  particle. 
Ionium  is  quadrivalent.  Radium  results  from  ionium 
by  the  loss  of  an  alpha  particle.  Radium  is  bivalent, 
belonging  in  the  group  of  the  alkaline  earths.  Radium 
emanation  results  from  radium  by  the  loss  of  an  alpha 
particle  and  this  gas  belongs  to  that  group  of  noble 
gases  characterized  by  zero  valence.  We  must  bear  in 
mind  that  the  periodic  table  is  best  represented  by  a 
spiral  arrangement  of  the  elements  passing  from  one 
group  up  to  the  next  group,  so  it  is  not  surprising  that 
radium  emanation  by  the  loss  of  an  alpha  ray  produces 
radium  A  with  a  valence  of  6,  this  clement  finding  its 
position  in  the  next  lower  group  of  the  periodic  table. 
Radium  A  by  the  loss  of  an  alpha  ray  produces  radium 
B,  which  is  quadrivalent,  and  so  on  until  finally  radium 
F  by  the  loss  of  an  alpha  ray  produces  the  element 
radium  G,  which  there  is  reason  to  believe  does  not 
undergo  any  further  disintegration.  Radium  G,  by  the 
reasoning  above  mentioned,  should  have  a  valence  of  4, 
and  if  we  subtract  4  for  each  alpha  ray  lost,  the  atomic 
weight  should  correspond  to  about  206.  Lead  has  an 
atomic  weight  of  207.15  according  to  the  most  accurate 
determinations,  and  a  maximum  valence  of  4.  For  a 
number  of  years  it  was  considered  that  the  final  prod- 
uct from  uranium  was  lead;  however,  the  difference  in 
the  atomic  weights  was  not  clearly  to  be  explained. 
On  the  basis  of  this  theory  of  isotopes  it  becomes  very 
important  to  determine  whether  lead  occurring  in 
radio-active  minerals  and  presumably  due  to  the  atomic 
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disintegration  of  uranium  has  the  same  atomic  weight 
as  the  lead  occurring  in  ordinary  non-radio-active  min- 
erals. Of  this  work  we  may  cite  the  determinations  of 
Richards  and  Lembert  at  Harvard,  who  found  an 
actual  difference  in  atomic  weight  between  ordinary 
lead  and  lead  from  the  uranium  minerals,  their  lowest 
figure  for  the  radio-active  lead  being  about  206.4.  The 
spectrum  and  the  atomic  properties  of  radium  G  cor- 
respond in  every  respect  to  those  of  ordinary  lead,  and 
experiments  have  shown  that  these  elements  can  re- 
place each  other  in  the  electrodes  of  concentration  cells, 
showing  again  the  identity  of  properties  of  the  isotopic 
elements.  In  fact,  radium  B,  radium  D,  and  radium  G 
are  all  chemically  identical  to  ordinary  lead. 

From  the  standpoint  of  the  structure  of  the  atom 
the  isotopic  elements  must  be  considered  as  having  the 
same  number  of  electrons  in  the  outer  rings,  thus  con- 
ferring similarity  of  spectra,  valence  and  chemical 
properties,  whereas  the  difference  in  the  atomic  weight 
is  accounted  for  by  the  difference  in  the  constitution 
of  the  nuclei  of  the  atoms. 

The  work  of  Rutherford  and  Andrade  on  the  char- 
acteristic X-ray  spectrum  of  lead  and  the  gamma-ray 
spectrum  of  radium  B,  which  is  isotopic  with  lead,  is 
of  great  interest,  since  their  results  point  conclusively 
to  the  fact  that  the  characteristic  X-ray  spectrum  of 
lead  is  the  same  as  the  characteristic  gamma-ray  spec- 
trum of  radium  B. 

The  views  above  mentioned  in  regard  to  the  nature 
of  the  atom  and  the  work  on  the  atomic  numbers  of 
the  atoms  still  rest  on  more  or  less  roughly  determined 
physical  data,  so  that  it  is  possible  that  more  refined 
measurement  will  necessitate  certain  changes  in  the 
views,  but  the  work  so  far  goes  to  corroborate  the 
hypothesis  of  isotopes  and  we  may  safely  say  that  this 
generalization  is  one  which  will  not  be  altered.  We 
have  in  the  group  of  radio-elements  the  remarkable 
condition  of  the  atomic  weight  not  being  the  impor- 
tant factor  in  determining  the  exact  chemical  nature 
of  the  atom,  since  elements  such  as  uranium  X,  and 
uranium  X,,  which  arc  known  to  differ  by  only  the 
mass  of  an  electron,  have  different  chemical  natures. 
On  the  other  hand,  as  an  example,  we  find  radium  B, 
D,  G  and  lead  all  have  different  atomic  weights  with 
absolute  identity  of  chemical  properties.  These  views 
arc  not  less  striking  when  compared  with  the  views  in 
regard  to  the  chemical  properties  of  the  atoms  in  the 
early  90's  than  arc  our  present  views  with  regard  to 
the  transmutation  of  matter  when  compared  with  the 
views  on  the  same  subject  several  decades  ago,  and  it 
is  the  writer's  opinion  that  in  these  two  important 
generalizations  are  summed  up  the  most  important  re- 
sults of  the  study  of  radio-activity  from  the  standpoint 
of  chemistry. 
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SECRETARY'S  NOTICES 


ABSTRACT  OF  MINUTES  OF  REGULAR  MEETING 
OF  THE  BOARD  OF  DIRECTORS 

jure  ii.  i»ia 

The  meeting  was  called  to  order  at  7.15  p.m.  by  Treas- 
urer Stevens,  with  Directors  Fcrnald,  Henderson,  Gant, 
J.  C.  Wagner,  Kenney,  Douglas.  Past  Presidents  Swaab 
and  Carter  and  Secretary  Stockly  in  attendance.  Presi- 
dent Vogleson,  Vice  Presidents  Yarnall.  Andrews  and 
Eglin,  Directors  Hayward,  Moody,  S.  T.  Wagner,  For- 
stall.  Terrell,  G.  W.  Barr,  R.  M.  Barr  and  Past  President 
Ledoux  were  excused.    Director  Ehle  was  absent. 

The  minutes  of  the  Regular  Meeting  of  May  14,  as 
issued  to  the  members  of  the  Board,  were  approved. 

REPORT  Or  THE  PRESIDENT 

Mr.  Joseph  C.  Wagner,  who,  in  accordance  with 
authority  granted  at  the  May  14  meeting,  was  appointed 
delegate  to  represent  the  Club  at  the  City  Planning  Con- 
ference held  in  St.  Louis,  May  27  to  29,  presented  a 
report  of  the  Conference,  which  was  accepted  and  ordered 
to  be  published  in  the  Club  Journal. 

REPORT  OP  THE  SECRETARY 

The  report  of  the  Convention  of  the  American  Society 
of  Engineers,  held  at  the  City  Club,  Chicago.  Illinois.  May 
14.  1918,  received  from  Mr.  H.  E.  Hilts,  who  was 
appointed  delegate  of  the  Club  to  attend  the  Convention, 
was  presented  and  accepted. 

Announcement  was  made  of  the  death,  on  April  28, 
1918.  of  Mr.  Frank  Shuman,  Active  Member  of  the  Club 
since  November  17,  1914. 


Announcement  was  made  that  to  date,  135  members 
in  service  have  applied  for  remission  of  dues. 

Resignations  from  the  following  members  in  good 
standing  were  presented  and  accepted  as  of  March 
31,  1919: 

C.  E.  Drchmann  Howard  A.  Loeb 

E.  S.  Foljambe  M.  P.  Quinn 

A  R.  Gtancy 

REPORT  OP  THE  COMMITTEE  OX  BOOSE 

The  Secretary  reported  that  a  complete  revision  of  the 
House  Rules  was  in  progress,  and  would  be  ready  for 
presentation  at  the  next  Board  meeting. 


'  OP  TH 

On  the  recommendation  of  the  Committee  the  follow- 
ing were  elected : 


To  Active  Membership : 

Clarence  E.  Davies 
Guy  S.  Elmore 
Harry  A.  Hornor 
Gilbert  C.  Lamb 
Richard  V.  Mattison 
George  H.  Morgan 

To  Junior  Membership: 

Howard  F.  Collins 
Kenneth  VV.  Heinrich 
Adam  G.  Hilton 


Charles  A.  Schranz 
Donald  B.  Spanogle 
George  A.  White 
Edward  Woodbury 
William  Wilcox 


LcRoy  Hilyard 
Benjamin  A.  Skinner 


The  meeting  adjourned  at  8.15  p.m. 

H.  A.  Stocklv, 
Secretary. 


OF  SPECIAL  INTEREST! 

BEGINNING  WITH  TUESDAY,  JULY  16,  A  REGULAR 
CLUB  FEATURE  WILL  BE  A 

'TUESDAY  ADDRESS  LUNCHEON  " 

FROM  14.80  TO  I  SO  P.  M.,  AT  WHICH  TIME  WELI-KNOWN 
SPEAKERS  WILL  ADDRESS  THE  CLUB  ON  UP-TO-THE- 
MINUTE  SUBJECTS. 
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COMMITTEE  ON  MEMBERSHIP 

PAUL  SPENCER,  Chairman 


CANDIDATES  FOR  MEMBERSHIP 


Members  having  knowledge  of  tbe  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  July  6  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club.  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP  Jonathan  charles  hihtoh 

ROBERT  H.  ANDERSON  1600  Hamil«on  Str««.  Philadelphia,  Pa. 

800  Mattison  Avenue,  Ambler.  Pa.  Office  Manager,  Transmission  Dept ,  Wm.  Seller*  &  Co. 

Vice  President  and  Superintendent  of  Keasbey  and  Mattison     Proposed  by  F.dw.  J.  Baechle  and  Coleman  Sellers.  Jr. 
Company. 

Proposed  by  Charles  E.  Bonine  and  H.  F.  Sanville. 

LEONARD  C.  BUTLER 

415  North  Wayne  Avenue,  Wayne,  Pa. 

Manager,  Telautograph  Corporation. 
Proposed  by  H.  F.  Sanville  and  Kern  Dodge. 

CLARENCE  E.  DAVIES 

1013  West  Uhigh  Avenue.  Philadelphia,  Pa. 

Assistant  to  Superintendent  of  Production  of  the  Artillery,  Am- 
munition Division,  Frankford  Arsenal. 
Proposed  by  Lewis  F.  Moody  and  John  P.  Mudd. 

FRARC1S  W.  DEAN 

Philadelphia,  Pa. 

Emergency  Fleet  Corporation,  140  N.  Broad  Street, 
With  Emergency  Fleet  Corporation. 
Proposed  by  John  Overn,  Jr.,  and  Lewis  F.  Moody. 

J.  PRICE  EWIRG 

The  Baldwin  Locomotive  Works,  500  North  Broad  Street, 
Philadelphia,  Pa. 

Mechanical  Engineer — In  charge  Electric  Locomotive  Design. 

Baldwin  Locomotive  Works. 
Proposed  by  Jacob  Y.  McConnell  and  Harry  Glaenzer. 


W.  M.  MARKS 

Care  of  Western  Electric  Company.  Inc.  Eleventh  and  York 
Streets,  Philadelphia.  Pa. 

Sales  Engineer,  Western  Klectric  Company,  Inc. 
Proposed  by  H.  P.  Gant  and  Herbert  Rader. 

JAMES   HURON  WOOD 

1036  Commercial  Trust  Building.  Philadelphia,  Pa. 

President  of  the  Eastern  Machinery  and  Equipment  Company. 
Proposed  by  Amos  P.  Fisk  and  W.  R.  McLain. 


FOR  ELECTION  TO  JUNIOR  MEMBERSHIP 

DONALD  STEWART  KNIGHT 

602  North  Twenty-second  Street,  Philadelphia.  Pa. 

Draftsman,  E.  V.  d'Invilliers.  518  Walnut  Street,  Philadelphia,  Pa. 
Proposed  by  J.  B.  Dilworth,  Walter  Gilman  and  Benjamin 
Franklin. 


POSITION  OPEN 

Leather  belting  house  wants  power  and  transmission  man. 


POSITION  WANTED 

Position  wanted  as  foreman  of  construction.  Can  handle 
Musi  be  able  to  figure  belting  drives  and  should  have  techni-  men.  Have  had  about  ten  years'  experience  as  draftsman, 
cal  training  hacked  up  by  practical  experience.  Apply  216-a.  Good  right-hand  man  for  a  mechanical  engineer,  Apply  212, 
Engineers'  Club.  Engineers'  Club. 


FOR  SALE 

Complete  set  of  the  Proceedings  of  the  Engineers'  Club 
of  Philadelphia.  Apply  5-B.  Engineers'  Club. 
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COMMITTEE  ON  NATIONAL  SERVICE 

GUILLIAEM  AERTSEN,  Chairman 
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"  From  these  honored  dead  we  take  increased  devotion  to  that  cause  for  which  they  gave  the  last 
full  measure  of  devotion;  these  dead  shall  not  hove  died  in  vain." — Abraham  Lincoln. 


Bakkkm.  Edward  Williams,  Sergeant  Junior  Member. 


Died  March  17,  1918.  Camp  Meade.  Admiral,  Md. 


LIEUTENANT  HARRY  W.  PRINCE 


LIEUTENANT  HARRY  WALTER  PRINCE,  aviator,  was 
killed  while  making  a  practice  flight  in  England,  on 
June  11,  He  was  the  son  of  Mr.  and  Mrs.  John  Prince,' 
Fifty-fifth  Street  and  Springfield  Avenue.  Lieutenant  Prince 
was  twenty-five  years  old.  He  entered  the  aviation  ser- 
vice in  October,  1917,  was  sent  to  the  ground  school  first 
at  Columbus.  O  ,  and  then  to  Camp  Hicks,  Texas.  Later  he 
was  transferred  to  Garden  City,  L.  I.  He  sailed  from  an 
American  port  about  seven  weeks  ago.  and  his  training  was 
to  have  been  completed  in  an  English  camp. 

Lieutenant  Prince  was  born  in  Bryn  Mawr.  He  attended 
the  public  schools,  and  was  graduated  from  the  Central  Man- 
ual Training  School  in  1911.  At  the  time  of  his  enlistment  he 
was  a  civil  engineer  with  the  Birkinbine  Engineering  Com- 
pany, and  a  Junior  Member  of  the  Engineers'  Club. 


MEMBERS  OF  ENGINEERS'  CLUB  WHO  HAVE  BEEN  CALLED  INTO  SERVICE 
IN  THE   ARMY  OR  NAVY  OF  THE  UNITED  STATES  AS  OF  JUNE  45,  1018 

NAME  RANK  corps  location 

Aldrich,  J.  T.   1st  Lieutenant  Ordnance  Officers'  Reserve  Corps    Washington,  D.  C. 

Allen,  H.  Butler  Lieutenant  U.  S.  Ordnance  Department  American  Expeditionary  Forces,  via  New  York 

Allen,  J.  G  -  Co.  12  Infantry.  Reserve  Officers'  Training  Camp   Fort  Oglethorpe,  Ga 

Andkks,  D.  W  Major   Company  D,  502nd  Engineers   American  Expeditionary  Forces,  France 

.....  •  —  -  on  f  Commdg.  Officer,  Ran  tan  River  Ordruriof 

Andrews,  J.  H.  M  Major  Ordnance  R.  C  (  "bepot,  Metuchen.  N.  J. 

Asplundtu,  E.  T  Captain   103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Attkrhury.  W.  W.  . ..  Brigadier-General   Director-General  of  Railways    Prance 

Bakkr.  W.  D   2nd  Lieutenant  Aviation  Corps   France 

Banister.  E.  S  Lieutenant  Ordnance  Officers'  Reserve  Corps   Washington,  I).  C. 

*  P {iS^S^SSS,, Cambridge,  Mas.. 

Barnes,  F.  B  {   f^S  Tn^cSf™"1} Ame™"  Expeditionary  Forces,  via  New  York 

Bassett.  F.  H..  Jr  Officers'  Training  School  Camp  Meade,  Md 

Bear,  H.  K  Lieutenant   Gas  Defense  Service  Camp  Green  leaf ,  Ft.  Oglethorpe.  G». 

Beatty.  L.  B  Ensign  U.  S.  Naval  Reserve  Force  705  Parker  Ave..  Collingdale,  Pa. 

Bell,  Frank  F  1st  Lieutenant  Signal  Corps,  Aviation  Section  Gcrstncr  Field,  Lake  Charles.  LouilUM 

Bbscherbr,  P  2nd  Lieutenant...  319th  Heavy  Artillery   Camp  Gordon.  G*. 

Bbtus,  A.  J  Major  A.  P.  O.  720,  American  Expeditionary  Forces,  via  New  York 

Biester,  W.  H-.  Jr  Corporal  "Co.  E."  103rd  Engineers  American  Expeditionary'  Forces,  via  New  York 

Bishop,  A.  B  Post  Field,  Fort  Sill,  Oklahoma 

Booz.  H.  C  Colonel  . .  In  Charge  of  Construction  of  Railroads,  Wharves,  etc  Araer.  Exped.  Forces,  via  New  York 

Borden,  J.  M  2nd  Lieutenant  Ordnance  Reserve  Corps  Hudson  Motor  Car  Co.,  Detroit,  Mich. 

Borresen,  W.  Y  313th  Infantry  Camp  Meade,  Admiral,  Md 

Boyd,  F.  F  {Engineer  Officer} U'  S'  Naval  Reserve  Force   Submarine  Base.  New  London.  Conn. 

Boyd, G  1st  Sergeant   Gas  Service.. A.  P.  ().  717,  American  Expeditionary  Forces,  via  New  York 

Bradpord,  J.  S   Major   t03rd  Engineers  Camp  Hancock.  Augusta,  Gi 

[  Hqrs.  Base  Section  No.  3,  Line  of  Communication, 
Bradt.  Morris  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps        A.  E.  F.,  Goring  Hotel,  Grosvenor  Gardens, 

I  London,  S.  W.  1 
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Bransomb.  E.  D  Ensign  Naval  Air  Service  Naval  Station,  Pcnsacola,  Fla. 

Bream,  C.  C  Corporal  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Breen,  J.  W  Captain  Gas  Service,  Engineer  Officers"  Reserve  Corp*  Amer.  Exped.  Poroes.  via  New  York 

Brewbr,  P.  C.  Jr  2nd  Lieutenant   307th  Engineers  Camp  Gordon.  Atlanta.  Ga. 

Bbinton,  J.  W   Lieutenant  Quartermaster  Officers'  Reserve  Depot  Quartermaster.  Baltimore,  Md. 

Britten  D  L  Captain  Ordnance  Officer*'  Reserve  Corp*.. Inspector  of  Ordnance.  Haddon  Apts.,  Cleveland.  O. 

Bboadhead,  Alex   19th  Reserve  Engineers  American  Expeditionary  Forces,  via  New  York 

Bbocan.  C.  M.   (utility^^cWrft' Bar°r^s  "B"} CamP  M*»<k,  Admiral.  Md. 

<,  J.  A   Major   Ordnance  Officers'  Reserve  Corps  ._  Smithtown,  L.  I..  New  York 


Brown,  N.  F   Major    Railway  Engineer*  -'{care  B^Se^n^^^AUeAory 

Brown.  P.  D  19th  Reserve  Engineer*   American  Expeditionary  Forces,  via  New  York 

Brown.  R.  V  Lieatenant  Q.  M.  C.  304  Divisional  Train*  Camp  Meade,  Admiral,  Md. 

Brown,  W.  F  1st  Lieutenant   520th  Co.,  N.  A  Fort  Myer,  Va. 

Brown,  W.  !  Lieutenant   Winchester  Repeating  Arms  Co.   New  Haven,  Conn. 

Brvant,  C.  M   Naval  Coast  Defense   Philadelphia  Navy  Yard 

Bim.BR,  IC.  N  1st  Lieutenant   103rd  Engineers   .American  Expeditionary  Forces,  via  New  York 

CaccavaJO,  Jos  Major   Engineer  Officers'  Reserve  Corps  Franco 

Caiiill,  E.  H  1st  Lieutenant  Ordnance  Reserve  Corps  Washington,  D.  C. 

Carkby,  R.  E   {  ^  fRlu'red)'  }  Pear!  Harbor  Naval  Station  Hawaii 

Chance.  T.  M  Captain  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Chilos,  H.  P  1st  Lieutenant  23rd  Engineers  American  Expeditionary  Porce*.  France 

Clark,  J.  W  .  Russian  Railway  Service   Nagasaki,  Japan 

Ci.eeland,  R  Cadet  Engineer  S.  S.  Neuse  Care  U.  S.  Shipping  Board 

Colgan.  R.  J  Captain  11th  Regiment  Engineers  Care  of  Adjutant-Gen'l,  Washington.  D.  C. 

fmir-  rrati  t»                 p..i.:„  /  Ordnance  Officers'  Reserve  Corp*  \  j  Office,  Chief  of  Ordnance 

Craig.  Coulter  Captain  ^  Supply  Division  I " " \     Washington,  D.  C. 

Cramfton,  G.  S  Major   Director  of  Field  Hospitals,  28th  Div.  ..American  Expeditionary  Forces,  via  New  York 

Crowthrr.  K.  C  1st  Sergeant  Base  Hospital  No.  38  Second  Regiment,  N.  G.  P.,  Armory,  Philadelphia 

Cokings,  C.  A  Captain   Quartermaster  Officer*'  Reserve   Ft.  Sam  Houston,  Texas 

Coster,  E.  A  Major  Ordnance  Officers'  Reserve  Corps  Chamber  of  Commerce  Bldg.,  Pittsburgh.  Pa. 

Cutler,  Jambs  B  2nd  Lieutenant  319th  P.  A.  R.  C  Camp  Gordon,  Ga. 

Darlington.  I.  G.  1st  Lieutenant  Gun  Section,  Production  Division  _  Washington,  D.  C. 

Da  vies,  C.  E...   ..Lieutenant   Ordnance  Department,  U.  S.  A  Frankford  Arsenal,  Philadelphia 

Day.  R.  P  2nd  Lieutenant  Aviation  Corps  3rd  Squadron,  Ellington  Plying  Field.  Houston,  Texas 

Derby.  C.  P  Captain  Ordnance  Officers' Reserve  Corps   Camp  Lee.  Petersburg,  Va. 

Dill,  CM  Lieutenant  Headquarters  Co.,  10th  Ba.,  F.  A.  R.  D  Camp  Jackson,  S.  C. 

Donnelly,  J.  B  1st  Lieutenant  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Doyle,  T.  H  2nd  Lieutenant   U.  S.  Quartermaster's  Corps  Overseas  Service 

Dunlap,  V.  R  Lieutenant  (Jr.)  Ass't  Civil  Engineer,  U.  S.  N  Naval  Air  Station,  Pensacola.  Fla. 

Dunn,  M.  L  Ensign  "U.  S.  S.  Connecticut"  Care  Postmaster,  N.  Y. 

•Dyson.  C.  W  Rear  Admiral  Bureau  of  Steam  Engineering,  U.  S.  N  Washington.  D.  C. 

Bckhardt.  J  Corporal  10th  Regiment,  3rd  Training  Battalion  Camp  Meade,  Md. 

Blcock,  Chas.  Captain  103rd  Engineers   American  Expeditionary  Forces,  via  New  York 

Parr.  Roy  S  .2nd  Lieutenant  Engineers'  Reserve  Corps  A.  P.  O.  713,  American  Exp'y  Forces,  via  New  York 

Paust,  W.  D.    103rd  Engineer*    American  Expeditionary  Forces,  via  New  York 

Pbnton.  Powell  -  —  — Aviation  Corps  Prance 

Pbrree,  D.  S  Engineer  Officer  ..  Aviation  Section,  Signal  Corps  _.M.  I.  T.  School  of  Military  Aeronautics,  Cambridge,  Mass. 

Fildbrt,  C.  B  Captain  41st  Engineers  American  Expeditionary  Forces,  France 

Fisn.  W.  N  1st  Lieutenant  Ordnance  Reserve  Corps   Aberdeen  Proving  Ground,  Maryland 

FOBSTER,  A.  O  Captain  Army  Supply  Base  59th  St.  and  1st  Ave,  So.  Brooklyn,  X.  Y. 

Prank,  A  Corporal  En^n^*?™*} Fort  Footc'  Mary'»nd 

PtTLWElLER,  J.  E.  Lieutenant   Naval  Coast  Defense  American  Expeditionary  Forces,  via  New  York 

Gailing.  H.  W..  Jr  Private  Marine  Corp*  (Aviation)   Philadelphia  Navy  Yard 

Gallagher,  L.  B  2nd  Lieutenant  Railway  Trans.  Dept.,  U.  S.  A  P.  O.  717.  American  Expeditionary  Forces,  France 

Gardiner,  F.  M.  Lieutenant   .U.  S.  Naval  Reserve  Corps..  Naval  Training  Base,  Cape  May,  N.  J. 

Gartortii,  Ezra  2nd  Lieutenant  23rd  Regiment,  Highway  Engineers      American  Expeditionary  Forces,  via  New  York 

Gaum.  CarlG  1st  Lieutenant   23rd  Regiment,  Highway  Engineers  American  Expeditionary'  Forces,  via  New  York 

Gauth.br.  Jordan  2nd  Lieutenant  4th  Platoon.  Co.  "C."  S6th  Engineers.. {W  of  thc  'pf^'.A "^^^"^ 

Grst,  J.  B.,  2nd  2nd  Lieutenant  Engineer  Officers'  Reserve  Corps  .  ..American  Expeditionary  Forces,  via  New  York 

Getz,  Ralph  F  2nd  Lieutenant  —  32nd  Engineers  Camp  Grant,  III. 

Gilbert,  W.  T  21st  Railway  Engineers  American  Expeditionary  Porces  via  New  York 

Gill  am,  W.  H.,  Jr  1st  Lieutenant   Ordnance  Officers' Reserve  Corps  Washington,  D.  C. 

Goldsmith.  H.  F  Naval  Aviation  Training  School  Cambridge.  Mass. 

Goodwin.  H.,  Jr  Lieutenant   U.  S.  Naval  Reserve  Force   ^Tg  S°t,^W.,°wS 

Gracby,  A.  L  Private  Advance  Ordnance  Depot  No.  4  American  Expeditionary  Forces,  via  New  York 

ENGINEERS'     CLUB     OF     PHILADELPHIA  361 


Digitized  by  Google 


ENGINEERS'    CLUB     OP  PHILADELPHIA 


Graham,  W.  R  1st  Lieutenant  {signaY(Wecrs^Ko*erve}  Aviation  Mob.  Camp,  Camp  Sevier,  Greenville 

Gra  vbll,  W.  H  Captain  Engineer  Officer*'  Reserve  Corps  American  Expeditionary  Forces,  via  New  York 

Gray,  B.  D  Major  Signal  Corps,  TJ.  S.  A   Adams  Bldg.,  Washington,  D.  C. 

Gribbbl,  W.  G  Captain  30th  Engineers,  Gas  &  Flame  Division... American  Expeditionary  Forces,  via  New  York 

•Gbifyin.  R.  S.  ...  Rear  Admiral  .  Eng.  in  Chief.  U.  S.  N.  Bur.  of  Steam  Engineering  Washington.  D.  C 

Grossman,  P.  R  Private  G.  H.  Q.  Amcr.  Expeditionary  Forces  U.  S.  M.  P.  O.  No.  706,  France 

Gwilliam,  Mark  R.  M  Captain  21st  U.  S.  Infantry  San  Diego.  Calii. 

Hall,  W.  A  Lieutenant  U.  S.  Navy,  In  Eurapean  Waters  Base  17,  Care  of  Postmaster,  X.  Y.  C. 

Hamilton,  H.  A  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  .  .   

Harding.  R.  L  1st  Lieutenant  Co.  "  F,"  32nd  Engineers  Camp  Grant,  Rockford,  Illinois 

Habbowbr,  R.  A  American  Red  Cross  Ambulance  Corps  France 

Hart,  R.  P.,  2nd  Lieutenant  44th  Engineers  Ft.  Benjamin  Harrison,  Ind. 

Hatha wat,  H.  K  Lieut.-Colonel  Ordnance  N.  A  Washington,  D.  C 

Havens,  C.  R  Meteorological  Squadron,  U.  S.  Signal  Corps  A.  &  M.  College,  College  Station.  Texas 

Haydock,  Roobr  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  Washington  Barracks.  D.  C. 

Hbcbr,  J  Lieutenant  Engineers'  Depot  Washington,  D.C. 

Hbndbkson,  S.  D  Private    304th  Engineers  Camp  Meade,  Admiral,  Md. 

Hbnrt,  J.  C     Headquarters  Dep't  19th  Reserve  Engineers   Amer.  Exp.  Forces,  via  New  York 

Hbtubrington,  S.  C...  .Lieutenant  31Sth  Infantry  Camp  Meade,  Admiral,  Md. 

Hickrt,  Y   Second  Lieutenant  Hqrs.  1st  Bn.,  61st  Infantry  A.  P.O.  728,  American  Exp'y  Forces,  via  New  York 

Hollbnbace,  E.  E  Major   109th  Infantry  ...Camp  Hancock,  Augusta,  Ga. 

HoLLtBTSR,  C.  J  1st  Lieutenant  Dental  Corps,  28th  Division  American  Expeditionary  Forces,  via  New  York 

Hoowbn,  W.  P  C.  M.  A.  A  United  States  Navy  Air  Station  Cape  May,  N.  J. 

Hulmx,  Nobman  1st  Lieutenant  458th  Truck  Co  Fort  Myer,  Va. 

Hunter,  N.  R  2nd  Lieutenant  47th  Engineers  Camp  Sheridan,  Ala. 

Hutchison,  G.  B  Elec.  School,  Naval  Operating  Base  Hampton  Road,  Va. 

Htland,  G.  N  2nd  Lieutenant  Aviation  Concentration  Camp  ..Camp  Dick,  Dallas,  Tcias 

Jaqubs,  J.  D  Lieutenant  TJ.  S.  N.  R.  P.,  Public  Works  Dept   Navy  Yard,  Boston,  Mat*. 

John,  R.  R   -  Officers'  Training  School  for  Coast  Artillery  Fortress  Monroe,  Va 

Jonbs,  Jonathan  Captain  23rd  Regiment  Engineer*  American  Expeditionary  Forces,  via  New  York 

Ksnnxot,  J.  H  Cadet  8th  Aviation  Instruction  Centre  American  Expeditionary  Forces,  via  New  York 

Kent,  S.  L.,  Jb  1st  Lieutenant  34th  Engineers  Camp  Dix,  N.  J. 

Kbrn,  F.  X    Lieutenant   .23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Klbin,  A.  C  Lieutenant  Production  Section,  Gun  Division  Office,  Chief  of  Ordnance,  Washington,  D.  C. 

Kneass,  B   Ensign  U.  S.  Submarine  Base   New  London,  Conn. 

Knight,  C.  C,  Jb  Lieutenant  318th  Field  Artillery,  N.  A  Camp  Jackson.  S.  C. 

Koellb,  W.  F.  B  Sergeant  Signal  Corps  Washington.  D.  C. 


Kbaus.  P.  T  Sergeant  {  °>- "  ^^u^^r^*^0''  \  Amer,  Exp.  Forces,  via  New  York 


'  \         Signal  Reserve  Corps 

Lavebtv,  C.  R  Co.  "F,"  305th  Engineers  Camp  Lee,  Va. 

Lawrence,  G.  B  Lieutenant  J.  G  U.  S.  Naval  Res.  Force. .U.  S.  S.  "Nokomis,"  European  Waters,  care  Postmaster,  N.  Y. 

Lawson.T.  W  1st  Lieutenant  109th  Infantry  Camp  Hancock,  Augusta,' Ga. 

Lb  a,  E.  S    Major  Artillery  Ammunition  Division   Frankford  Arsenal 

Lues,  E.  A  1st  Lieutenant   Company  "E,"  56th  Infantry  Camp  MacArthur,  Waco,  Texas 

Lbvin,  J  2nd  Lieutenant  Coast  Artillery  Reserve  Corp*   Fort  Hancock,  N.  J. 

Lo».  A-  H  {  »ff  $5*£g?}-:   -Camp  Meade.  Admiral.  Md. 

Lynch,  N.  H.    "F"  Co..  6th  U.  S.  Engineers   American  Expeditionary  Forces,  France 

MacGarriglb,  G.  L  Private  Company  "  B,"  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Maclean,  M.  R  Major.  Headquarters  5th  Bn.,  154th  Depot  Brigade  Camp  Meade,  Md- 

Magsb.  J.  W   1st  Lieutenant   446th  Engineers'  Pontoon  Train  Washington  Barracks.  D.  C. 

Mahan,  J.  H  {U'liuSscl£BlP"} Columbia  University,  New  York  City 

Mallon,  G.  J  Lieutenant  (Jr.)  U.  S.  Naval  Reserve  Force  U.  S.  S.  "Mt.  Vernon."  care  of  Postmaster,  N.  Y. 

Maltbv.  F.  B  Major  Engineer  Officers'  Reserve  Corps  Army  Building.  New  York 

Mann,  CP.   1st  Lieutenant  Coast  Artillery  Reserve  Corps  Berverly.  N.  J. 

M*«D*0*'  L • ■»*»»  U.  S.  Naval  Reserve  Force  {  ^XSS'fe. 

Mabtin,  T.  S.,  3rd   1st  Lieutenant  Ordnance  Officers'  Reserve  Corps   Washington.  D.  C. 

Mayburbt.  W.  G..  Jr.  Lieutenant  334th  Field  Artillery,  National  Army  Camp  Pike.  Ark. 

McCaubland,  J.  R..„  {  "s^ior^rade^}  U-  S  Po8t  0006  m>  R  T-  °-  American  Expeditionary  Forces,  France 

McClintock.  J.  L  U.  S.  Navy  Radio  Station  Atlantic  City,  N.J. 

McCobd,  J.  B  Lieutenan t -Colonel  Ordnance  N.  A  American  Expeditionary  Forces.  France 

McCoBMiCK.  J.  C  1st  Lieutenant  Co.  "C,"  1st  Engineers  American  Expeditionary  Forces,  via  New  York 

McCoy.  J.  F  2nd  Lieutenant  Aviation  Section.  Signal  Corp*  

McGabbiglb,  J.  J  1st  Lieutenant  Anti-Aircraft,  Artillery  C.  A.  C  American  Expeditionary  Forces,  Franc* 

McMillan,  H.  L.   Major   Engineer  Officers'  Reserve  Corps   Camp  Humphrey,  V». 

Millar,  E.  A.,  Jb  1st  Lieutenant  Ordnance  Officers'  Reserve  Camp  Hancock,  Augusta,  Ga. 

Mohr.  C.  F  Private  Co.  "B,"  45th  Engineers  Camp  Humphrey,  Va. 

Mooot.  Wm.  M  Reserve  Officer*'  Training  Camp  Port  Oglethorpe,  Ga. 
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*.  T.  E  Corporal  119th  Ordnance  Depot  Co  Camp  Hancock.  Augusta,  Ga 

Moram,  J.  B  1ft  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Murphy.  H.  C  Ensign  U.  S.  Navy  Bureau  of  Ordnance,  Navy  Oep't,  Washington,  D.  C. 

Mbyers,  W.  C  Captain  Ordnance  Officers'  Reserve  Inspection  Division/B^a,^aStee,  Caf  Co- 

Mrsas,  W.T  2nd  Lieutenant  16th  0.  S.  Cavalry  Mercedes,  Texas 

Nbwuk,  E.  M  1st  Lieutenant  312  Machine  Gun  Battalion  Camp  Meade,  Admiral.  Md. 

Nbwun.J.C.  Major  Engineer  Officers'  Reserve  Corps  Amer.  Embassy,  London,  care  of  Vice- Admiral  Sims 

Nixon-Miller,  M  Captain  Comtnd'g  Company  "B."  501st  Engineers.. American  Expeditionary  Forces,  via  New  York 

Noybs,  S.  H  1st  Lieutenant  1st  Aero  Squadron  Columbus,  N.  M. 

"Oakbs.  J.  C  Colonel  1 13th  Engineers  Camp  Shelby,  Hattiesburg,  Miss. 

Orb.  M.  W  First  Battery.  Officers'  Training  School  Camp  Meade,  Md. 

•Otwbll,  Curtis  W   Colonel.  319th  Engineers  Gimp  Fremont.  Palo  Alto.  Cal. 

Packer,  H.  M  1st  Lieutenant   Park  Aviation  Field  .  Millington,  Tcnn. 

Perky,  Edward  Sergeant   Motor  Truck  Company  No.  jjo  Camp  Lee,  Petersburg,  Va. 

Petkwian,  J.  M  2nd  Lieutenant  5th  Bn..  152nd  Depot  Brigade  _..   Camp  Upton,  N.  Y. 

Pbtbrs.  E.  T.  Chief  Yeoman  Naval  Coast  Defense  Dept.  Public  Works,  Philadelphia  Navy  Yard 

PrBFTKK.  H.  W  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Bethlehem,  Pa. 

PiBRCB,  D.  T  American  Red  Cross  France 

,  Clayton  W  Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

T.  F.  B  ..103rd  Trench  Mortar  Battery  American  Expeditionary  Forces,  via  New  York 

«,  M.  R  Major  2lst  Engineers  American  Expeditionary  Forces,  via  New  York 

J.  F.  B  Lieutenant  79th  Field  Artillery  Houston,  Texas 

Raynsford.  C.  0  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Rhd,  R.  W  Private  Hqrs.  19th  Reserve  Engineers,  Railway  Amer.  Exp.  Forces,  via  New  York 


R*TO'  THOMAS <**■-» O**—  0ffi<~»'  Reserve  Corp  {  Wa,ter  sJrtT&mpa^TuSnfield.  N.  j. 

,  W.  C  Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 


Reningbr.  H.  A  Major  Headquarters,  103rd  Ammunition  Train,  28th  Div  Amer.  Exp.  Forces,  via  New  York 

Ridgs,  R.  S  Sergeant  Co.  "A,"  23rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Ridgway,  J.  J  1st  Lieutenant..  Co.  "P,"  318th  Infantry  Camp  Lee,  Petersburg.  Va. 

Ritchib,  J.  M.   .Captain    Quartermaster  Officers'  Reserve  Washington,  D.  C. 

Rogsrs,  C.  B.   Privato   201st  Aero  Squadron..  American  Expeditionary  Forces,  via  New  York 

*«*■«•  J-  1 Lieutenant  .  .   United  State*  Naval  Reserve  Fore   {  Po^^Fortret  Mon^.Va. 

Roor,  J.  C    Captain  17th  Engineers  American  Expeditionary  Forces,  via  New  York 

Roth,  F.  E  1st  Sergeant  Utilities  Department,  Quartermaster's  Corps  Camp  Meade,  Admiral,  Md. 

Russell,  J.  A  Lieutenant  311th  Engineers  Camp  Grant,  Rockford,  III. 

Sakviixb,  L.  F  Private  108th  Field  Artillery.  Penna.  Troops  Caup  Hancock,  Augusta,  Ga. 

Sattbrwhitb.  R.  L..  Jr  Company  20,  Naval  Aviation  Detachment  (^^^rnbri^ 

Sautbr,  W.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  ..New  York  Arsenal.  Governor's  Island,  N.  Y.  Harbor 

(  Aeronautical ) 

Schaum,  O.  W  j  Mechanical  >  Signal  Corps.  U.  S.  A    Lindscy  Bld'g.  Dayton.  Ohio 

»,  J.  B  Lieutenant  109th  U.  S.  Infantry  Camp  Hancock.  Augusta,  Ga. 

r,  A.  L  1st  Lieutenant  Signal  Corps,  Land  Division  Fort  Worth,  Texas 

.  O.  F  Reserve  Officers'  Training  Camp.  Fortress  Monroe.  Va 

Schwbubr.  H.  W  Gas  Defense  Service,  Med.  Dept.,  U.  S.  A  Washington,  D.  C. 

Scuu.,  M.  A.  H  Lieutenant  Railroad  Transportation  Corps.  U.  S.  A.  P.O.  71 7,  American  Exp'y  Forces,  via  New  York 

Shallcxom,  J.  B  Lieutenant  Ordnance  Reserve  Corps..  Inspection  Div.,  6th &  BSts.,  N".  W.,  Washington,  D.C. 

Sheahan,  J.  C  2nd  Lieutenant  Co.  11,  Section  B.  Bldg.  6  Camp  Jos.  E.  Johnston,  Jacksonville,  Fla. 

Shustrb,  W.  H.t  Jr  Lieutenant   3Hth  Infantry    Camp  Meade,  Md. 

Smith.  A.  H  Sergeant  [  ^tilj}ia  ^chrnent  1   Barracks  B  104.  Camp  Meade,  Admiral.  Md. 

"  I Quartermaster  s  Corps  i  r 

'Smith,  W.  S  Rear  Admiral  Navy  Department . .  Special  Duty,  Naval  Consulting  Board,  Washington.  D.  C. 

Smith.  X.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  The  Remington  ArmsW.  M.  C.  Co..  Ilion.  N.Y. 

Spaceman.  H.  S  Major  Engineer  Officers'  Reserve  .VP.  O.  702,  American  Exp'y  Forces,  via  New  York 

SriLLAN,  J  J.  D  2nd  Lieutenant  103rd  Trench  Mortar  Battery,  American  Expeditionary  Forces,  via  New  York 

St.  John.  Evbrbtt  1st  Lieutenant   Coast  Artillery*  Reserve  Corps   Fort  duPont.  Delaware 

Tawrbsby.  J.  G  Naval  Constructor  Navy  Department  Construction  Officer,  Philadelphia  Navy  Yard 

Taylor.  H  Major  304th  Regiment  Engineers  Camp  Meade.  Admiral.  Md. 

Thachbr,  C.  F..  Jr  1st  Lieutenant  Engineer  Officers'  Training  Camp  

Thacbbr,  C.  H  2nd  Lieutenant  Engineer  Officers'  Training  Camp  Belvoir,  Va. 

•Thomas,  R.  S  Colonel  22nd  Engineers  ..Camp  Sheridan,  Montgomery,  Ala. 

Thomson,  H.  A   1st  Sergeant  Penna.  Quartermaster's  Corps   Camp  Hancock,  Augusta.  Ga. 

Thoupb,  A.  W  - .  .Corporal  Ordnance  Detachment  "  B  "  Gunpowder  Reservation,  Edgcwood,  Md. 

Tillson,  P.  E   Lieutenant   United  States  Naval  Reserve  Force    U.  S.  S.  "Maine" 

Truman.  L.  J  Reserve  Officers'  Barracks  "B."  Room  No.  373  Naval  Academy,  Annapolis,  Md. 

UhlSR.  W.  D  Major  Quartermaster  Corps,  N.  A  Washington,  D.  C. 

Vauclain.  A.  C  Major  ..Ordnance  Officers'  Reserve  Corps  Watertown  Arsenal 

Vaugban.  D.  L..  Captain  Quartermaster's  Corps  N.  A  Camp  Logan,  Houston,  Texas 

Vobcblin.  B  .'       10th  Company    Barracks,  Columbus.  Ohio 
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Voccbson,  J.  A  Major  Sanitary  Corps,  N.  A.  Camp  Joseph  E.  Johnston,  Jacksonville,  PI*. 

Wau>,  R.  C  Captain  Hqr's,  34th  Artillery  Brigade  Port  Adams.  R.  I. 

Warfel,  A.  C   2nd  Lieutenant  35th  Regiment  Engineers  ...American  Expeditionary  Forces  via  New  York 

War*el,  J.  P  Senior  Lieutenant  U.  S.  Naval  Reserve  Porrs:  Machinery  Division,  Philadelphia  Navy  Yard 

Watson,  G.  L   Captain..   Engineer  Officers'  Reserve  Corps  

Wkub,  Walter  Loring  Major  R.  R.  &  C,  S.  O.  S  American  Expeditionary  Forces,  via  New  York 

-  ,  /   Reconstruction  Relief  Work    \  „  „ 

Webstbk.  E-  L— - \  Friends"  Unit  of  the  Red  Cross  ) ---  France 

Wbntx.  E.  M  Asst.  Paymaster  U.  S.  Naval  Reserve  Porcc  U.  S.  S.  Topila.  care  of  Postmaster.  N.  Y.  C. 

Wheelbr.  G.  C.  Private  Base  Hospital  No.  18   ..American  Expeditionary  Forces,  via  New  York 

Wbitaeer,  J.  H  2nd  Lieutenant  317th  Field  Artillery  Camp  Jackson,  Columbia,  S.  C. 

White,  W.  M... Captain  and  Regimental  Adjutant  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

White,  J.  A.  Jr  Private  Co.  "A"  109th  Infantry  Camp  Hancock.  Augusta.  Ga- 

Wn.o,  H.  J  Captain  Engineer  Officers'  Reserve  Corps  War  Department,  Washington,  D.  C. 

WtLiiNSON,  R.  W  Engineers'  Training  School  Carnegie  Institute,  New  York 

Williams,  H.  L  2nd  Lieutenant  Engineer  Officers' Reserve  Corps  Corpus  Christi,  Texas 

Wittb,  W.  E  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps. 

Wobrwac,  C.  A... 

Wood,  E.  R.  Jr  Captain  18th  Field  Artillery,  N.  A. 

Work,  Leonard  1st  Lieutenant  52nd  Aero  Squadron.  A.  S.  S.  C  American  Expeditionary  Forces,  via  New  York 

Wokrbll,  H.  S  Lieutenant  Coast  Artillery  School  Portress  Monroe.  Va. 

Worth,  J.  G  Captain   .Quartermaster  Officers'  Reserve  Santa  Fc.  N.  M. 

Young,  R,  L  1st  Lieutenant  Ordnance  Reserve  Corps  Aberdeen  Proving  Ground,  Aberdeen,  Md. 

Zeckwbr.  J.R  Ensign  U.  S.  Naval  Reserve  Force  Ship  Inspection  Office.  Philadelphia 

•Zjnn,  George  A  Colonel  District  Engineers'  Office.  Custom  House  Portland.  Oregon 

•  Army  and  Navy  member.   


-»*  ""*—»« Ontano.  Officers'  R«erve  Corps  (°ffi<*  '^ggSfi&flES&f-  * 
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JUNIOR  SECTION 

i  Z.  Kline,  Chairman 


M 


R.  VV.  Z.  KLINE,  Chairman  of  the  Junior  Sec- 
tion, announces  that  the  following  men  have 
been  appointed  chairmen  of  the  several  com- 
mittees and  will  form  the  Executive  Committee  for 
next  season: 

E.  M.  Bredin   Secretary  of  Junior  Section 

Albert  Godsho   Chairman  of  Papers  Committee 

Mathew  Kennedy   Chairman  of  Membership  Committee 

Frank  Boettcher  Chairman  of  By-laws  Committee 

Ralph  Bye   Chairman  of  Meetings  Committee 


E.  K.  Spring  Chairman  of  Finance  Committee 

H.  B.  Nicholson  Chairman  of  National  Service  Committee 

M.  G.  Bittel  Chairman  of  Publication  Committee 

Edward  Noppel   Chairman  of  Entertainment  Committee 

H.  I.  Goldstein   Past  Chairman 

These  men  have  all  accepted  the  appointments  and  will 
immediately  begin  forming  their  committees.  It  is  hoped 
that  the  Junior  Members  will  do  everything  possible  to 
assist  them  in  their  various  undertakings  so  that  next 
year's  Junior  record  will  surpass  that  of  this  year. 


T 


AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS  Philadelphia  section 


§  § 

•uuuuniinimimjiitmiirn'"" 


S    Nathan  Hatward,  Chairman  H.  Mouradian,  Secretary,  1631  Arch  Street  j§ 

iirmiuiniiurciuiimiiimimtminiiiuiit^ 


THE  annual  meeting  of  the  Philadelphia  Section  was 
held  at  the  Engineers'  Club  on  June  10th.  The 
election  of  officers  for  the  following  year  was 
announced  by  the  Chairman  as  follows : 

Chairman   W.  F.  James 

Secretary  and  Treasurer  E.  B  Tuttle 

Assistant  Secretary  R.  D.  Thomas 

(  C.  E.  Clewed 

Managers   J  N.  E.  Funk 

(  L.  H.  Rittcnhouse 
We  had  the  pleasure  of  having  with  us  Mr.  F.  L. 


Hutchinson,  Secretary  of  the  Institute,  who  gave  3  very 
interesting  summary  of  the  work  of  the  Institute  member- 
ship in  connection  with  the  war. 

It  was  announced  at  the  meeting  that  the  Section  meet- 
ings were  unusually  well  attended  this  year,  with  an  aver- 
age attendance  of  one  hundred  and  forty-eight.  The 
Membership  Committee  reported  an  increase  of  eighty-five 
members,  a  second  prize  being  awarded  to  the  Philadel- 
phia Section  for  its  activities  in  the  way  of  securing 
new  memberships. 
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LOCAL  SECTION  No.  7  OF 

J.  F.  CONMEK,  President 


SAFETY  COUNCIL 

NATIONAL  SAFETY  COUNCIL 


J.  p. 

Th<  Midv.lt 


Secretary-Treasurer, 
Sted  Co..  P.  O.  Box  IJ2J 


AVERY  successful  joint  meeting  of  the  Philadel- 
phia Safety  Council  and  the  Illuminating  Engi- 
neering Society  was  held  on  Friday  evening.  May 
17,  1918,  at  the  Engineers*  Club,  1317  Spruce  Street, 
Philadelphia. 

It  is  hoped  that  our  next  year's  schedule  may  contain 
several  joint  meetings,  where  the  subjects  will  be  interest- 
ing to  both  societies  concerned. 

As  soon  as  the  dates  of  the  next  year"s  meetings  are 
given  out  by  the  Philadelphia  Engineers'  Club,  the  Phila- 
delphia Safety  Council  Committees  will  begin  listing  the 
meetings  for  next  year.  Anyone  having  suggestions  for 
possible  subjects  and  speakers  will  confer  a  great  favor 
upon  the  Council  by  writing  direct  to  the  Secretary,  whose 
address  is  given  above.   Needless  to  say.  we  are  looking 


forward  to  next  year  being  bigger  than  ever  before.  The 
first  meeting  will  probably  be  held  some  time  in  Septem- 
ber, and  if  we  are  correct  in  judging  from  indications, 
the  Philadelphia  Safety  Council  meetings  will  be  the 
"  livest  "  of  any  of  the  affiliated  societies. 

The  Local  Section  desires  to  acknowledge  its  appre- 
ciation of  the  help  and  suggestions  received  from  Mr. 
\V.  H.  Cameron,  of  the  National  Safety  Council,  and  for 
his  kindness  in  sending  to  us  his  Secretary,  Mr.  F.  M. 
Rosseland. 

Four  of  the  papers  of  the  Philadelphia  Safety  Council 
have  been  published  during  the  past  year  in  the  Engi- 
neers Club  Journal.  Probably  more  will  be  published 
during  the  coming  year. 
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I     AMERICAN  SOCIETY  OF  MECHANICAL  1 
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I  C.  N.  Laueb,  Chairman.  John  P.  Mudd,  Secretary,  Midvale  Steel  Company,  Nicctown,  Pa.  g 

■umfMMBiiiiii;:".   '.  :::;;:i:i;ia:::i:;:iU!iini:;::nf;!:i!;:!.i^ 

AMEETING  of  the  Philadelphia  Section  of  The  the  ticket  as  presented  by  the  Nominating  Committee  had 

American  Society  of  Mechanical  Engineers  was  been  elected.   A  total  of  fifty-five  ballots  were  cast,  four 

held  in  the  auditorium  of  the  Engineers'  Club,  at  of  which  were  void  on  account  of  omission  of  voter's 

8.15  p.m..  Tuesday,  May  28.  name  on  outer  envelope. 

A  Nominating  Committee  was  appointed,  consist-  At  this  meeting,  P.  P  Henshall  was  appointed  as  Cor- 
ing of :  respondent  for  the  A.  S.  M.  E.  Journal. 

D.  Robert  Yarnall.  Chairman  Mr,  E.  B.  Carter  was  appointed  as  a  committee  of  one 

A.  C  Wood  to  audit  the  secretary's  accounts. 

Coleman  Sellers,  Jr.  An  excellent  paper,  "  The  Manufacture  of  Ordnance 
After  some  deliberation,  the  Nominating  Committee  Forgings,"  was  given  by  George  Sattcrthwaitc,  Vice- 
selected  the  following  men :  President  and  General  Manager  of  The  Tacony  Ordnance 
For  Chairman                        C  X  Latier  Corporation.    The  paper  was  illustrated  thruout  with 
For  Secretary   John  P.  Mudd  lantern  slides. 

For  Executive  Committee   H.B.Taylor  The  speaker  outlined  the  very  excellent  progress  which 

L.  F.  Moody  had  been  made  in  building  the  new  plant  of  the  Tacony 

W.  B.  Murphy  Ordnance  Corporation.   In  spite  of  the  very  severe  winter, 

Kenney  ^  building  operations  have  progressed  favorably  and  all 

Later,  tellers  were  appointed,  as  follows :  of  tne  shops  have  been  completed.    They  were  having, 

P.  P.  Henshall  however,  considerable  difficulty  in  getting  equipment. 

L.  L.  Hepburn  A  vote  of  thanks  was  extended  to  Mr.  Sattcrthwaitc. 

L*0  Loeb  Moving  pictures,  showing  in  detail  the  manufacture  of 

A  letter  ballot  was  mailed  to  the  entire  membership,  9.2  high  explosive  howitzer  shells  were  shown.  These 

and  the  replies  counted  by  the  tellers,  who  reported  that  films  were  loaned  thru  the  courtesy  of  "  Machinery." 

ENGINEERS'     CLUB     OF     PHILADELPHIA  3f>5 


Digitized  by  Google 


THE 

JOURNAL 

OP  THE  ENGINEERS'  CLUB  OF  PHILADELPHIA 

AND  AFFILIATED  SOCIETIES 

VOL-  XXXV-8  AUGUST  1918  NO.  165 


A  ISEW  METHOD  OF  SEPARATING  SLATE 
FROM  COAL  * 

By  H.  M.  CHANCE.  Member 


t'arious  other  devices  u<cd  for  sep- 
aration of  slate  from  coal.  I  iifHculties 
arising  under  these  methods — Imperfect 
separation,  loss  of  product,  high  unit 
costs.  AY:e  method  effects  separation  by 
means  of  agitated  mixture  of  sand  and 
'miter  constituting  a  fluid  mass  of  rela- 
tively high  specific  gravity.  t»  uhiclt  the 
coal  flouts  and  the  slate  sinks.  Application 
of  this  principle  to  other  ore  dressing 
problems. 


THE  method  and  apparatus  which  is  the  subject 
of  this  paper  has  been  invented  and  developed 
by  Thomas  M.  Chance,  of  Philadelphia,  a  mem- 
ber of  this  Club,  who  is  now  in  the  National  Service. 

In  order  to  illustrate  clearly  the  difference  between 
this  new  method  for  separating  impurities  such  as  slate, 
fire-clay,  pyrite,  etc.,  from  coal  and  those  in  present 
use  for  this  purpose,  we  will  briefly  review  the  types  of 
apparatus  now  used  in  preparing  coal  for  market. 

HAND  PICKING 

The  most  simple  way  in  which  to  remove  slate, 
etc.,  from  coal  is  to  pick  out  the  impurities  by  hand, 
and  in  some  localities  all  of  the  coal  is  prepared  in 
this  way.  When  this  method  is  used  the  coal  is  al- 
lowed to  slide  down  chutes,  aprons,  or  "  telegraphs  " 
in  the  form  of  inclined  troughs,  along  which  boys 
or  wen  arc  stationed  to  pick  out  the  slate  and  other 
impurities;  or  the  coal  is  transported  by  means  of 
travelling  belts  or  picking  tables  past  the  slate-pickers. 

BRADFORD  BREAKER 

Coal  is  often  prepared  for  cooking  by  the  use  of 
a  "Bradford  breaker."    This  is  a  large  slightly  in- 
clined revolving  screen,  which  breaks  the  coal  by  con- 
tinuously dropping  it  from  shelves  arranged  length- 
•Presented  at  special  meeting.  Engineers'  Cluk  April  2.  nji8. 
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wise  011  the  inside  of  the  screen,  the  coal  being  thus 
broken  to  a  size  that  permits  it  to  pass  thru  the 
screen  perforations,  while  the  slate  or  rock  is  not 
broken  small  enough  to  pass  thru  the  perforations  and 
is  discharged  out  of  the  lower  end  of  the  screen. 
Apparatus  of  this  type  can  be  used  only  when  the  coal 
is  relatively  soft  and  the  slate  is  relatively  hard  or  tough. 

COAL  WASHERS 

In  the  preparation  of  coal  by  washing,  many  dif- 
ferent types  of  apparatus  are  used,  the  most  simple 
of  which  is  known  as  the  "  trough  washer,"  which  is 
merely  an  inclined  trough  or  sluice  with  riffles  on 
the  bottom  of  the  trough.  The  coal  is  fed  in  at  the 
upper  end  of  the  trough  together  with  a  stream  of 
water  sufficient  in  volume  to  carry  the  coal  over  the 
rit'tles  and  down  thru  the  trough,  but  not  sufficient  to 
move  the  heavier  materials,  such  as  slate,  which  settle 
between  the  riffles  or  in  pockets  provided  along  the  bot- 
tom of  the  trough.  Automatic  means  for  discharging 
the  slate  that  accumulates  in  the  pockets  or  rillles  are 
provided  in  some  trough  washers,  and  some  forms  of 
washers  are  equipped  with  a  flight  conveyor  working 
on  the  bottom  of  the  trough,  which  continually  scrapes 
the  slate  upwards  in  a  direction  opposite  to  the  flow 
of  the  water,  discharging  the  slate,  etc.,  from  the  upper 
end  of  the  trough.  Other  forms  of  trough  washers 
have  been  used  with  spiral  conveyors  or  other  means  of 
maintaining  agitation  of  the  coal  to  insure  the  more, 
efficient  separation  and  removal  of  the  impurities.. 

The  operation  of  trough  washers  is  analogous  to, 
if  not  precisely  similar  to,  that  of  sluices  used  in  the 
working  of  placer  gold  deposits. 

Another  type  of  washer,  which  employs  a  vertically 
rising  current  of  water  together  with  mechanical  agita- 
tion to  effect  the  separation,  has  been  used  and  is 
usually  termed  the  "  Robinson "  washer  because  the 
Robinson  washer  was  the  most  highly  developed 
machine  of  this  kind.  This  machine  consists  of  a  large 
conical  or  funnel-shaped  vat  or  tank  with  provision  for 
trapping  out  the  slate  and  other  impurities  from  the 
bottom.    Provision  is  also  made  for  passing  a  large 
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volume  of  water  into  the  bottom  of  the  tank  so  that 
the  lighter  material,  i.e..  the  coal,  is  buoyed  up  by  the 
velocity  of  the  ascending  water  and  only  the  slate 
and  heavy  impurities  sink  to  the  bottom.  To  effect 
this  result  without  the  use  of  enormous  and  prohibitive 
quantities  of  water,  the  machine  is  provided  with  a 
centrally  located  vertical  revolving  shaft  with  hori- 
zontal or  inclined  arms  which  keep  the  whole  mass 
agitated.  In  this  machine  the  coal  flows  over  the  lip 
at  the  top  of  the  apparatus,  together  with  the  water 
pumped  in  from  below,  and  this  water  commonly  is 
returned  to  the  pump  and  is  continuously  pumped  thru 
the  machine,  sufficient  water  being  added  to  make  up 
for  what  is  lost  and  to  insure  the  water  being  kept 
relatively  clean — that  is,  free  from  clay  and  coal  dust 
held  in  suspension.  This  washer  uses  the  principle 
which  in  ore-dressing  is  known  as  "  upward  current 
classification,"  in  which  separation  is  effected  by  dif- 
ferences in  the  velocity  with  which  materials  of  differ- 
ent specific  gravity  fall  in  an  upwardly  moving  current 
of  liquid.  This  type  of  washer  in  some  cases  has  been 
quite  successfully  used,  altho  only  a  relatively  small 
number  have  been  built  and  installed  in  this  country. 
The  writer  is  under  the  impression,  however,  that  very 
few  machines  of  this  type  are  now  in  use. 

JIGS 

In  almost  all  coal  fields  where  coal  is  washed  be- 
fore shipment  the  appliance  most  used  for  this  pur- 
pose is  some  type  of  jig.  This  may  be  described  as 
a  tank  containing  a  horizontal  or  slightly  inclined  sieve 
or  screen  upon  which  the  separation  of  the  material  is 
effected  by  vertical  oscillations  or  pulsations  of  the 
body  of  water  with  which  the  tank  is  filled.  These 
pulsations  are  produced  by  any  suitable  means,  usually 
by  a  plunger  or  piston  working  in  a  compartment  con- 
necting with  that  in  which  the  material  is  to  be  sepa- 
rated. In  other  forms  the  sieve  or  screen  forms  the 
bottom  of  a  tray  or  box  which  is  moved  up  and  down 
rapidly,  usually  by  means  of  rods  by  which  the  tray  is 
suspended,  which  in  turn  are  actuated  by  eccentrics  or 
cams  on  a  revolving  shaft  located  above  the  tank.  In 
Ixrth  of  these  types  of  jigs  the  coal  and  slate  are  thus 
moved  upwards  and  allowed  to  fall  into  the  water,  the 
heavier  material  sinking  and  forming  a  layer  lying 
upon  the  screen  or  sieve  and  >elow  the  coal.  The  coal 
and  slate  thus  separated  are  removed  continuously  or 
periodically  by  any  suitable  means. 

Jigs  work  best  on  a  closely  sized  material  in  which 
the  individual  particles  are  of  approximately  the  same 
shape,  and  may  fail  to  work  on  flat  coal,  which  by 
turning  on  its  edge  may  sink  into  the  slate,  or  on  flat 
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slate,  which  if  lying  nearly  horizontal  may  often  be 
buoyed  up  and  remain  with  the  coal. 

One  of  the  difficulties  in  operating  jigs  is  due  to  the 
fact  that  if  the  slate  be  drawn  off  too  rapidly  coal  will 
also  be  drawn  off  and  discharged  with  it,  and,  vice 
versa,  if  the  slate  be  drawn  off  too  slowly  then  a  portion 
of  the  slate  will  be  discharged  with  the  coal. 

One  of  the  principal  objections  to  the  use  of  jigs 
in  the  preparation  of  coal  for  domestic  use  is  the  attri- 
tion to  which  the  coal  is  subjected  by  being  pounded 
up  and  down  60  to  180  times  a  minute  from  the  time 
the  coal  is  fed  into  the  jig  until  it  is  discharged,  a  period 
commonly  of  from  one  to  five  minutes,  depending  upon 
the  rate  at  which  coal  is  being  run  thru  the  machine. 
This  results  in  the  breaking  of  tender  coal  and  in  the 
chipping  off  of  the  corners  of  brittle  coal,  causing  a 
material  reduction  in  size  and  weight  of  the  finished 
product.  In  the  preparation  of  anthracite  coal  the  jig 
loss — that  is,  the  loss  in  weight  of  merchantable  sizes, 
represented  by  the  buckwheat,  rice,  barley  and  culm 
(small  sizes  of  use  only  as  steam  coal  and  saleable  only 
at  greatly  reduced  prices)  caused  by  attrition  in  the 
jigs— has  variously  been  estimated  as  ranging  from 
3  to  20  per  cent. 

" SLATERS " 

Other  mechanical  devices  for  separating  slate  from 
coal  are  "  spirals."  "  air-gap  "  slaters,  and  slot  slaters. 
Spirals  and  "air-gap"  slaters  utilize  the  difference 
in  velocity  of  coal  and  slate  sliding  down  by  gravity 
over  an  inclined  surface.  Slot  slaters  are  used  to 
separate  flat  slate  by  passing  the  coal  over  narrow 
slots  thru  which  the  coal  cannot  drop  but  thru  which 
the  flat  slate  can  readily  fall. 

CONCENTRATORS 

Concentrating  tables  and  bumping  tables  of  various 
types  similar  to  those  used  in  ore-dressing  have  been 
used  in  washing  coal  for  making  coke,  where,  in  order 
to  eliminate  the  pyrite,  it  is  necessary  to  crush  the  coal 
to  fine  size  so  that  much  of  the  material  is  too  small  to 
be  treated  successfully  in  jigs. 

NEW  METHOD 

All  of  these  methods  depend  upon  differences  in 
the  kinetic  energy  developed  by  the  individual  par- 
ticles of  material  to  be  separated,  or  upon  differences 
in  the  falling  velocities  of  the  individual  particles 
in  water  when  subjected  to  a  force  such  as  upwardly 
rising  or  pulsating  currents  of  water.  They  may 
therefore  all  be  classed  together  as  kinetic  methods  of 
separating,  while  the  method  which  will  now  be  described 
can  be  termed  a  gravimetric  method,  localise  it  dc|>ends 
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Height  of  W1  shows  pressure  under 

which  water  is  supplied  to  iwtlom  of  ap- 
paratus below  tin-  perforated  brass  plate, 
thru  which  it  issues  as  jets  that  keep 
the  sand  and  water  above  this  plate  con- 
stantly agitated,  thus  producing  a  fluid 
mass  of  high  specific  gravity 


Electric  light  to  illuminate  the  interior 


il  motor  driving  ocntrigugal  pump 


Top  of  clear  water  in  the  apparatus 


Lumps  of  coal  Boating  in  fluid  mass,  about 

one-half  in  sight 

Top  of  fluid  mass  consisting  of  an  agitated 
mixture  of  sand  and  water 


Material  seen  in  window  is  the  lower  part  of 
the  fluid  mass:  evidences  of  the  jets  can 
be  seen  in  left  half  of  window 


Brass  plate  with 
in  diameter  fJ 


ittions  K,  of  an  inch 
l  inch  apart 


Valve  to  regulate  pressure  and  volume  of 
water  pumped  from  the  top  of  the  appara- 
tus into  the  chamber  below  the  perforated 
brass  plate 
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upon  differences  in  the  specific  gravity  of  the  particles 
to  be  separated,  and  consists  in  immersing  the  materials 
to  be  separated  in  a  fluid  mass  whose  specific  gravity  is 
less  than  that  of  the  heavier  material  and  greater  than 
that  of  the  lighter  material. 

If  we  introduce  coal,  ranging  in  specific  gravity, 
say,  from  1  30  to  1.50.  into  a  fluid  mass  whose  specific 
gravity  is  1.60,  it  is  evident  that  all  of  the  coal  will 
float,  and  that  if  the  coal  contains  particles  of  slate  the 
specific  gravity  of  which,  for  example,  is  from  1.70  to 
2.40,  all  of  the  slate  will  sink.  It  is  also  evident  that 
this  separation  will  be  entirely  independent  of  the  size 
or  the  shape  of  the  individual  particles  of  coal  and  of 
slate,  because  the  smallest  particles  of  slate  will  sink- 
in  such  a  fluid  mass  and  the  largest  lumps  of  coal  will 
float  in  such  a  fluid  mass,  and  flat  slate  will  sink  and  flat 
coal  will  float  in  such  a  fluid  mass.  In  other  words, 
there  will  be  in  this  case  no  tendency  to  a  buoying 
up  of  the  particles  of  the  materials  by  reason  of  the 
shape  of  the  particles,  such  as  occurs  in  jigs.  It  is  also 
evident  that  when  materials  are  separated  by  introduc- 
tion into  such  a  fluid  mass  there  will  be  practically  no 
loss  from  attrition  by  the  rubbing  of  particles  upon 
each  other,  such  as  is  experienced  in  the  operation 
of  jigs. 

HIGH  GRAVITY  LIQUIDS  AND  SOLUTIONS 

Suggestions  looking  to  the  use  of  a  specific  gravity 
method  for  separating  coal  from  slate  and  metallic  ores 
from  waste  material  have  often  been  advanced,  and  many 
attempts  have  been  made  to  find  some  liquid  or  fluid  of 
sufricientlv  high  specific  gravity  to  be  used  for  these  pur- 
poses, and  many  experiments  have  been  made  to  produce 
some  such  chemical  solution  of  relatively  high  specific 
gravity. 

It  is,  perhaps,  unfortunate  that  there  are  no  cheap 
and  innocuous  solutions  known  that  are  of  high  enough 
specific  gravity  lor  use  in  the  commercial  separation 
of  slate  from  coal.  A  solution  of  zinc  chloride  is  fre- 
quently used  in  the  laboratory  for  experimentally  deter- 
mining the  possibilities  of  separating  coal  and  bony 
coal  and  slate  in  order  to  learn  in  advance  of  the  build- 
ing of  a  jigging  plant  as  to  what  kind  of  a  separation 
it  may  be  possible  to  effect.  The  zinc  chloride  solution  is 
admirably  adapted  to  this  purpose,  but  for  many 
reasons  it  cannot  be  used  for  making  commercial 
separations  on  a  large  scale. 

The  use  of  a  solution  of  any  kind,  or  of  a  liquid 
of  high  specific  gravity,  would  be  objectionable,  be- 
cause much  of  such  liquid  or  solution  would  inevitablv 
find  its  way  into  the  pores  and  joint  planes  and  cracks 
in  the  material  to  be  separated  and  large  quantities  of 
wash  water  would  be  required  to  remove  this  material, 
and  this  would  involve  the  loss  of  a  portion  of  the 
chemicals  used  in  making  the  solution.  The  use  of 
such  solutions  would  also  probably  cost  much  more 
than  can  be  expended  in  improving  the  grade  of  fuels 
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used  for  ordinary  purposes.  Other  chemicals  have  been 
suggested  and  experimentally  tried  out  on  a  laboratory 
scale,  but  the  writer  does  not  know  of  any  examples  of 
actual  value  in  practice  of  chemical  solutions  of  high 
specific  gravity  for  the  commercial  separation  of  slate 
from  coal. 

HIGH  GRAVITY  FLUID  MASS 

The  present  invention  is  based  upon  the  fact  that 
if  any  relatively  finely  divided  insoluble  material — 
such,  for  example,  as  sand — be  mixed  with  a  certain 
quantity  of  water  and  if  the  mixture  be  continuously 
agitated,  the  mixture  will  assume  and  preserve  fluidic 
properties,  and  will  exhibit  the  physical  characteristics 
of  a  true  liquid  of  high  specific  gravity. 

If  a  mixture  of  sand  and  water  in  certain  definite 
proportions  be  made  and  the  mass  be  subjected  to  con- 
tinuous agitation  by  means  of  stirring  arms,  propeller 
blades  or  any  type  of  mechanical  agitator,  it  is  found 
that  a  fluid  mass  of  definite  specific  gravity  is  produced. 
If  the  quantity  of  water  be  increased,  the  specific  grav- 
ity of  the  fluid  mass  is  decreased;  if  the  quantity  of 
water  be  decreased,  or  the  quantity  of  sand  be  in- 
creased, the  specific  gravity  of  the  resulting  fluid  mass 
is  correspondingly  increased.  We  have  found  in  prac- 
tice that  such  fluid  masses  can  readily  be  produced  by 
the  use  of  sand  similar  to  the  seashore  sand  of  the 
New  Jersey  coast,  and  with  such  mixtures  we  can  in 
this  way  obtain  fluid  masses  having  specific  gravities 
up  to  about  1.72.  It  seems  theoretically  possible  to 
increase  the  specific  gravity  of  the  mass  so  obtained 
(by  the  addition  of  more  sand)  up  to  a  gravity  of 
about  1,80  more  or  less,  and  this  may  perhaps  be  pos- 
sible in  practice.  The  gravity  can  of  course  be  reduced 
by  increasing  the  quantity  of  water  or  decreasing  the 
quantity  of  sand. 

In  producing  and  maintaining  fluid  masses  of  high 
specific  gravity  by  this  means,  it  is  evident  that  mechani- 
cal energy  must  be  supplied  sufficient  to  counteract  that 
which  would  be  produced  by  the  falling  of  the  mass 
of  sand  employed  thru  water  of  the  depth  used,  so  that 
the  sand  is  raised  and  kept  mixed  thruout  the  mass  of 
water  and  the  tendency  to  fall  to  the  bottom  is  thus 
reduced,  neutralized,  or  eliminated. 

It  is,  of  course,  evident  that  if  sand  heavier  than 
seashore  sand  (which  consists  mainly  of  quartz 
grains),  such  as  magnetic  iron  ore  sand,  be  used,  the 
resulting  fluid  mass  will  have  much  greater  specific 
gravity,  and  we  have  found  in  practice  that  by  the  use 
of  materials  of  this  kind  fluid  masses  of  specific  gravity 
sufficient  to  float  quartz,  feldspar,  and  other  rock  con- 
stituents (which  constitute  the  gangue  of  metallic 
oresi  can  readily  be  obtained.  In  using  such  heavy 
gravity  fluid  masses  in  the  treatment  of  ores  the  waste 
would  float  and  the  heavier  or  more  valuable  minerals 
such  as  copper,  lead.  oY  zinc  minerals,  etc.,  would  sink 
to  the  bottom  <>f  the  fluid  mass. 
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It  is  not,  however,  intended  to  enter  upon  a  discus- 
sion of  the  use  of  this  method  for  the  separation  of 
ores  from  waste,  but  to  confine  the  paper  to  the  separa- 
tion of  slate  and  other  impurities  from  coal,  and  to 
demonstrate  by  the  exhibition  of  a  test  cell  the  pro- 
duction of  such  fluid  mass  by  the  agitation  of  sand 
in  water  and  to  show  the  separation  of  slate  from  coal 
by  the  introduction  of  these  mixed  materials  into  the 
fluid  mass  contained  in  the  apparatus. 

As  the  production  and  maintenance  of  such  fluid 
mass  is  dependent  upon  continuous  agitation  to  pre- 
vent settlement  of  the  sand  of  which  the  fluid  mass  is 
composed,  and  is  not  dependent  upon  the  way  in  which 
this  agitation  is  produced,  it  is  evident  that  any  suit- 
able means  may  be  used  for  producing  agitation.  In 
the  apparatus  in  which  the  demonstration  will  be  made, 
agitation  is  produced  by  small  hydraulic  jets,  i.e.,  small 
jets  of  water  introduced  under  pressure  thru  perfora- 
tions in  the  bottom  of  the  receptacle  containing  the 
fluid  mass.  This  type  of  apparatus,  that  is.  one  in 
which  hydraulic  jets  are  relied  upon  to  produce  the 
required  agitation,  seems  best  adapted  for  demonstra- 
tion, because  there  are  several  features  which  can  be 
illustrated  mure  readily  than  in  apparatus  where  agi- 
tation is  produced  mechanically.  It  will  be  understood 
that  while  agitation  may  be  effected  by  water  pressure 
alone,  either  in  the  form  of  large  or  small  jets  acting 
upwardly  or  in  any  other  desired  direction,  that  a 
combination  of  hydraulic  agitation  and  mechanical 
agitation  can  readily  be  used. 

The  apparatus  (  see  illustration  on  page  373)  exhibited 
v  insists  of  a  w  ater-tight  wooden  tank  or  box,  20  inches 
high  and  6  inches  by  8  inches  inside  dimensions,  which 
is  open  at  the  top  and  is  closed  at  the  bottom  with  a 
bras?  plate  1  _  inch  thick  and  perforated  by  round  holes 
1  .,  of  an  inch  in  diameter  and  spaced  one  (1)  inch 
apart,  there  being  48  such  boles  thru  which  the  hy- 
draulic jets  issue.  Below  this  box  and  brass  plate 
there  is  a  wooden  water-tight  pressure  box  (of  which 
tlie  brass  plate  forms  the  top)  into  which  water  under 
pressure  is  introduced.  The  water  issues  under  pres- 
sure thru  the  small  holes  in  the  brass  plate  and  main- 
tains continuous  agitation  of  the  fluid  mass  contained 
in  the  apparatus.  The  apparatus  is  supplied  with  an 
overflow  located  about  3  inches  below  the  top  of  the 
box,  thru  which  the  surplus  water  is  discharged.  Ibis 
overflow  is  directly  connected  with  the  suction  of  a 
small  motor-driven  centrifugal  pump,  and  the  delivery 
end  of  this  pump  is  connected  by  piping  with  the  pres- 
sure box  at  the  base  of  the  apparatus,  so  that  agitation 
is  effected  by  the  continuous  pumping  of  the  same 
water  from  the  overflow  into  the  pressure  box.  The 
wooden  tank  or  box  is  provided  with  two  windows 
5  inches  square,  one  located  near  the  top  of  the  box 
and  the  other  near  the  l>ottom.  thru  which  the  action  of 
the  fluid  mass  and  of  any  material  floating  upon  it  can 
te  seen  and  studied. 
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In  operating  this  apparatus  to  make  the  most  satis- 
factory demonstration,  the  amount  of  sand  introduced 
into  the  apparatus  is  such  that  at  the  pressure  used,  the 
top  of  the  agitated  fluid  mass  (consisting  of  a  mixture 
of  sand  and  water)  will  Ik-  at  a  point  about  one  inch  above 
the  base  of  the  upper  window,  because  if  the  fluid 
mass  be  maintained  at  this  height,  we  can  study  the 
action  taking  place  thru  the  upper  window  to  best 
advantage.  The  fluid  mass  being  maintained  at  this 
height,  the  clear  water  overlying  the  fluid  mass  from 
the  surface  of  the  fluid  mass  up  to  the  water  overflow 
is  about  four  inches  deep. 

The  pipe  leading  from  the  discharge  of  the  cen- 
trifugal pump  to  the  water  pressure  chamber  at  the 
base  of  the  apparatus  is  provided  with  a  valve  to  con- 
trol the  quantity  and  pressure  of  the  water  supplied  to 
the  pressure  box,  and  a  manometer  gauge,  consisting 
of  a  glass  tube,  is  connected  to  this  pipe  near  its 
entrance  to  the  lower  pressure  box  to  measure  the  bead 
or  pressure  under  which  the  water  is  being  supplied 
to  the  pressure  box.  The  pressures  under  which  the 
apparatus  will  be  operated  range  from  about  twelve 
to  twenty  inches  as  the  effective  hydrostatic  pressure 
by  which  agitation  is  effected.  This  is  evidenced  by 
the  height  to  which  the  water  in  the  glass  manometer 
tube  rises  above  the  level  of  water  in  the  apparatus,  as 
determined  by  the  overflow  pipe. 

The  specific  gravity  of  the  fluid  mass  will  be  re- 
duced whenever  pressure  of  the  hydraulic  water  is 
increased,  such  increased  pressure  resulting  in  a  larger 
quantity  of  water  passing  into  the  apparatus  supplying 
additional  kinetic  energy  (agitation)  and  causing  the 
level  of  the  top  of  the  fluid  mass  to  rise.  This  rising 
of  the  top  of  the  fluid  mass  indicates  a  dilution  of  the 
fluid  mass  by  additional  water  and  must  of  course  re- 
sult in  lowering  the  specific  gravity  of  the  fluid  mass 
as  a  whole,  and  tier  versa,  if  the  pressure  under  which 
water  is  supplied  to  the  pressure  box  be  decreased,  the 
top  line  of  the  fluid  mass  will  sink,  and  the  specific 
gravity  of  the  fluid  mass  will  be  correspondingly  in- 
creased. It  is  further  evident  that  so  long  as  the 
quantity  of  sand  in  the  apparatus  remains  constant  and 
the  hydrostatic  pressure  under  which  water  is  supplied 
to  the  apparatus  for  agitating  such  fluid  mass  be  main- 
tained constant,  the  specific  gravity  of  the  fluid  mass 
will  remain  unchanged.  In  other  words,  it  is  possible 
in  this  way  to  produce  and  to  maintain  a  fluid  mass  of 
definite  specific  gravity  for  an  indefinite  period. 

In  demonstrating  the  action  of  the  fluid  mass  in 
the  apparatus  in  operation  we  now  show  the  flotation 
of  both  anthracite  and  bituminous  coal  by  putting  into 
the  apparatus  pieces  of  such  coal  from  one  inch  to  three 
or  four  inches  in  diameter.  It  will  be  observed  that  the 
bituminous  coal  floats  much  higher  out  of  the  fluid 
mass  than  the  anthracite  coal,  this  result  being  natur- 
ally due  to  the  fact  that  the  anthracite  coal  is  of  much 
higher  specific  gravity  (i.e.,  heavier)  than  the  bitu- 
minous coal.    The  coal  which  is  being  used  for  this 
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demonstration  is  anthracite  coal  from  the  anthracite 
coal  fields  of  Pennsylvania  and  bituminous  gas  coal 
from  the  Pittsburgh  bed  as  mined  by  the  Westmore- 
land Coal  Company  in  the  western  part  of  the  State 
of  Pennsylvania. 

This  demonstration  is  sufficient  to  show  how  buoy- 
antly the  coal  floats  in  such  a  fluid  mass.  If  a  lump 
of  the  coal  be  pushed  down  far  below  the  surface  of 
the  fluid  mass  it  rises  to  the  surface  very  much  as  a 
block  of  wood  will  rise  to  the  surface  if  immersed 
to  some  depth  in  water. 

The  extraordinary  fluidity  of  this  fluid  mass  of 
sand  and  water  is  not  readily  comprehended  and  no 
real  conception  of  its  fluidity  can  be  obtained  by  a 
mere  description.  If  the  hand  be  plunged  down  thru 
the  superincumbent  water  into  the  fluid  mass  it  is 
almost  impossible  to  tell  by  any  sensation  one  may 
experience  as  to  when  the  fingers  pass  thru  the  water 
and  enter  the  fluid  mass.  In  fact  it  has  frequently 
happened  that  this  experiment  has  been  tried  by  an 
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observer  having  his  back  to  the  machine  so  that  he 
could  not  see  the  separating  line  between  the  water  and 
the  fluid  mass,  and  in  many  cases  the  hand  has  been 
completely  immersed  in  the  fluid  mass  without  the 
fact  being  detected  or  known  to  the  individual  who 
was  making  the  experiment. 

This  fluid  mass  will  float  an  hydrometer,  and  its 
specific  gravity  can  be  determined  in  this  way.  We 
have,  however,  incidentally  discovered  another  method 
by  which  the  specific  gravity  may  be  most  accurately 
and  definitely  measured,  and  this  consists  in  immersing 
a  glass  tube  open  at  the  top  and  bottom  into  the  appa- 
ratus, so  that  the  bottom  of  the  tube  is  immersed  ten 
or  twelve  inches  below  the  top  of  the  fluid  mass.  If 
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the  tube  be  held  or  secured  in  this  position  it  will  be 
found  in  a  few  minutes  that  the  water  will  begin  to 
rise  in  the  tube  until  it  has  risen  several  inches  higher 
than  the  level  of  the  water  in  the  apparatus.  This  is 
due  to  the  fact  that  as  the  tube  has  no  overflow,  there 
is  no  upwardly  rising  liquid  inside  the  tube,  and  the 
sand  contained  in  the  fluid  mass  within  the  tube  grad- 
ually sinks  to  the  bottom  of  the  tube  and  joins  the 
fluid  mass  external  to  the  tube,  so  that  the  tube  he- 
comes  filled  with  water,  but  as  the  water  has  a  specific 
gravity  of  1.0  and  the  fluid  mass  external  to  it  has 
a  higher  specific  gravity,  the  increased  pressure  at  the 
bottom  of  the  tube  due  to  the  higher  specific  gravity 
of  the  fluid  mass  forces  water  up  into  the  tube  until 
it  finally  stands  at  a  height  several  inches  above  the  top 
of  the  water  in  the  apparatus.  As  the  weight  of  the 
water  overlying  the  fluid  mass  in  the  apparatus  exactly 
balances  the  weight  of  the  water  in  that  part  of  the 
tube  which  is  between  the  top  of  the  water  line  an<i 
the  top  of  the  fluid  mass,  that  portion  of  the  water  in 
the  glass  tube  between  these  two  points  may  be 
ignored,  and  we  may  say  that  the  water  in  the  part 
of  the  tube  immeresd  in  the  fluid  mass,  that  is  to  say 
ten  inches,  plus  the  height  of  the  water  in  the  tube 
above  the  water  line,  if  added  together  represent  the 
weight  of  a  column  of  water  which  is  sustained  by  the 
weight  or  pressure  generated  by  the  fluid  mass  from 
the  top  line  of  the  fluid  mass  down  to  the  base  of  tin- 
tube.  If  the  tube  be  immersed  in  the  fluid  mass  tin 
inches  and  the  water  in  the  tube  rises  six  inches  above 
the  water  line  in  the  apparatus,  then  we  have  sixteen 
inches  as  the  weight  of  water  column  which  is  sup- 
ported by  the  hydrostatic  pressure  developed  by  ten 
inches  of  the  fluid  mass,  and  the  specific  gravity  of  the 
fluid  mass  is  therefore  sixteen  divided  by  10,  or  1  60 
Further,  as  the  column  of  water  six  inches  in  height 
above  the  water  line  in  the  apparatus  is  supported  by 
the  increased  weight  of  ten  inches  of  the  fluid  was* 
and  as  this  increased  weight  (or  increased  specific  grav- 
ity) of  the  fluid  mass  is  due  to  the  weight  of  the 
materials  held  in  suspension  in  said  fluid  mass,  it  is 
evident  thai  this  column  of  water  six  inches  high  meas- 
ures the  weight  of  the  materials  held  in  suspension  in 
the  ten  inches  of  fluid  mass  measured  from  the  top  irt 
the  fluid  mass  to  the  base  of  the  glass  tube.  It  thus 
becomes  possible  to  determine  the  weight  of  materia]' 
held  in  suspension  in  a  fluid  mass  of  this  character 
without  knowing  the  kind  or  character  of  such  rtiau- 
rials,  that  is,  whether  they  be  heavy  or  light,  and 
whether  they  consist  of  grains  of  quartz  sand  or  grains 
of  magnetic  iron  ore. 

We  have  constructed  a  sjnall  apparatus  to  show  the 
actual  separation  of  the  slate  from  coal  in  this  test  cell 
which  has  just  been  described,  and  this  consists  of  a 
square  cage,  the  sides  and  bottom  of  which  are  made 
of  one-quarter  inch  mesh  brass  wire  screen.  This  cage 
is  about  eighteen  or  twenty  inches  deep  from  top  to 
bottom  and  about  four  or  five  inches  wide  by  six  «' 
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seven  inches  long,  and  is  closed  at  the  bottom  and  open 
at  the  top.  About  six  inches  above  the  bottom  it  is 
provided  with  double  folding  doors,  which  when  closed 
constitute  a  floor  or  partition.  These  doors  are  also 
made  of  onc-quartcr-inch  mesh  wire  screen,  and  are 
provided  with  stiff  wire  rods  by  which  they  can  be 
opened  and  closed.  In  using  this  cage  to  demonstrate 
the  separation  of  coal  and  slate,  the  coal  and  slate  to  be 
separated  are  placed  in  the  cage  resting  upon  the  double 
doors  which  are  kept  closed,  and  the  cage  is  then  low- 
ered into  the  apparatus  until  the  coal  is  immersed  below 
the  top  of  the  fluid  mass.  The  doors  are  then  opened 
by  releasing  the  wire  rods  holding  them  in  place.  Upon 
opening  the  doors  the  slate  sinks  thru  the  fluid  mass 
to  the  bottom  of  the  cage,  while  the  coal  remains  float- 
ing in  the  fluid  mass  at  or  near  its  top.  The  double 
doors  are  then  closed  by  bringing  the  wire  rods  back 
into  their  original  position  and  the  cage  is  then  re- 
moved from  the  apparatus.  In  bringing  the  cage  up 
out  of  the  apparatus  it  is  slightly  shaken  while  being 
passed  thru  the  water  overlying  the  fluid  mass  in  order 
to  wash  off  any  sand  which  may  be  adhering  to  or 
resting  upon  the  coal.  Upon  thus  removing  the  cage 
the  coal  is  found  resting  upon  the  doors  in  its  original 
position,  but  the  slate  is  found  in  the  bottom  of  the 
cage.  The  coal  can  then  be  emptied  from  the  cage  and 
after  this  is  removed  the  doors  can  be  opened  and  the 
slate  removed  for  examination. 


The  author  then  made  a  demonstration  with  the 
apparatus,  separating  anthracite  coal  from  slate,  by 
placing  in  the  cage  a  quantity  of  chestnut  coal  and 
slate,  immersing  the  cage  in  the  fluid  mass  as  described, 
removing  the  cage  and  emptying  the  coal  and  slate 
into  separate  pans,  the  whole  operation  being  com- 
pleted in  about  fifteen  seconds.  The  separation  was 
perfect,  the  coal  containing  no  slate,  and  the  slate  con- 
taining no  coal,  and  the  separated  products  were  passed 
among  the  audience  for  examination. 

The  test  cell  used  to  illustrate  this  paper  and  by 
which  the  demonstration  has  been  made  was  con- 
structed for  experimental  purposes  in  determining  the 
volume  and  quantity  of  water  required  to  operate  the 
method  with  different  kinds  of  material  and  when  agita- 
tion is  produced  by  hydraulic  water.  It  is  not  intended 
as  a  model  of  a  machine  such  as  would  be  used  for  the 
commercial  separation  of  slate  from  coal,  because  it  is 
not  provided  with  means  for  mechanically  introducing 
coal  into  the  apparatus  and  for  mechanically  removing 
the  coal  and  slate  after  separation  is  effected.  Machines 
for  operating  this  method  can  be  constructed  to  oper- 
ate continuously,  the  material,  coal  and  slate,  being 
fed  in  at  one  point  and  after  the  slate  had  been  separated 
the  coal  can  continuously  be  removed,  while  the  slate 
can  also  be  continuously  (or  periodically)  removed 
from  some  lower  portion  of  tile  apparatus. 

The  conunercial  development  of  the  method  is  now 
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being  pushed  in  two  or  three  directions  and  1  am  able 
to  show  a  design  of  a  machine  the  construction  of 
which  is  now  practically  finished  and  which  we  expect 
will  soon  be  installed  for  regular  work  in  the  separation 
of  coal  from  slate.  This  design  is  not  intended  to  illus- 
trate the  best  or  only  method  of  constructing  such 
machines,'  but  to  show  the  general  principles  involved 
in  the  construction  of  machines  for  commercial  use. 
This  machine  is  designed  to  be  operated  mainly  by 
hydraulic  agitation.  It  will  be  observed  that  the  coal 
is  fed  into  the  machine  at  the  top  line  of  the  fluid  mass 
by  a  flight  conveyor  of  standard  type,  and  this  same 
flight  conveyor  carries  the  coal  gradually  across  the 
machine,  while  the  lower  run  of  this  same  conveyor  is 
used  to  remove  the  slate.  A  second  flight  conveyor  is 
used  for  removing  the  coal  from  the  machine.  While 
hydraulic  agitation  by  means  of  perforations  in  the 
base  is  mainly  relied  on  in  this  machine,  a  certain  de- 
gree of  mechanical  agitation  is  also  obtained  by  the 
use  of  the  flight  conveyors  and  this  will  tend  to  prevent 
any  banking  or  accumulation  of  sand  in  those  portions 
of  the  machine  in  which  separation  is  taking  place. 

In  operating  this  machine  certain  supplemental  de- 
vices will  probably  be  used  in  the  nature  of  sprays, 
located  at  or  near  the  points  at  which  the  coal  or  slate 
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is  being  discharged,  to  wash  otf  the  particle-,  of  sand  that 
may  adhere  to  either  the  coal  or  slate.  Most  of  the  sand 
will  be  washed  from  both  the  coal  and  the  slate  as  these 
materials  arc  being  transmitted  diagonally  upwards  thru 
the  layer  of  water  which  overlies  the  fluid  mass.  It  is 
also  probable  that  pipes  may  be  used  inside  the  machine 
provided  with  perforations  for  supplying  water  under 
pressure,  i.e.,  jets,  and  placed  in  such  position  that  the 
jets  will  be  directed  upon  the  coal  and  slate  as  it  is 
drawn  up  thru  the  fluid  mass  and  thru  the  water  ovcr- 


reool  1  1  1  1 

CHART  SHOWING  RKLATK  N  CF  SI  ECIHC  GFAVIIY  TO  ASH  AND 
SILIHIR  rERCF.NTAC.E 

(rurc  Cr*l.  I  J50S)  (C.Ik  GruTitv 
TlAsF.D  OS- 1,  lay  Ash.  J.  WOSjMvjfic  l.ravitv 

■  •S  Sulphur    l*H  Fi  b,...  4.VM  Sprite  Gravity 

lying  the  fluid  mass.  These  pipes  can  be  submerged 
in  the  water  underlying  the  fluid  mass  or  in  the  fluid 
mass  itself,  and  used  for  the  purpose  of  obtaining  sup- 
plemental agitation  and  of  directly  washing  sand  from 
the  slate  and  from  the  coal,  thus  reducing  the  quantity 
of  sand  carried  along  with  the  coal  and  slate  by  the 
conveyors  used  in  removing  these  materials. 

While  in  the  apparatus  shown  hydraulic  agitation 
is  effected  by  means  of  a  perforated  bottom,  it  will  be 
understood  that  effective  agitation  can  be  obtained  by 
jets  from  pipes  inside  the  main  tank  and  that  these 
jets  may  be  directed  vertically  downward,  or  at  any 
desired  angle. 

The  mechanical  energy  required  to  maintain  agita- 
tion is  surprisingly  small.  The  quantity  of  water  used 
in  the  apparatus  shown  is  approximately  about  1.3  to 
1.6  gallons  per  minute  or  at  the  rate  of  about  five  gal- 
lons per  minute  per  superficial  square  foot  of  area  of 
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the  agitated  fluid  mass.  The  water  is  supplied  under 
a  hydraulic  head  of  about  fifteen  to  eighteen  inches, 
and  the  fluid  mass  has  a  depth  of  about  thirteen  inches. 
The  tm-chanical  energy  required  to  maintain  agitation 
in  this  test  cell  is  say  1.5  gallon  (or  say  twelve  pounds 
of  water)  per  minute  under  a  head  of  1.5  feet,  or  about 
eighteen  foot  pounds  or  1  .'1833  (one-eighteen  hundred 
and  thirty-third)  part  of  a  II. P.,  or  at  the  rate  of 
3  1833,  or  say  1/600  (one-six  hundredth)  part  of  a  H.P. 
per  superficial  square  foot  of  surface.  If  the  depth  of 
the  fluid  mass  he  increased  to  three  feet  the  require- 
ment would  be  about  1  200  H.P.  per  superficial  square 
foot  of  the  area  of  fluid  mass  used. 

The  diagrams  used  to  illustrate  the  specific  gravity 
of  fluid  masses  using  "  sands  "  of  different  materials, 
the  effect  of  sulphur  (pyrite)  and  ash  in  coal  upon  its 
specific  gravity,  and  the  effect  of  heavy  minerals  upon 
the  specific  gravity  of  ore  will  be  understood  without 
explanation. 

It  is.  however,  of  interest  in  this  connection  to  note 
the  possibility  by  this  process  of  separating  coal  from 
"  bony  "  coal,  and  of  separating  "  bony  "  coal  from 
slate,  neither  of  which  can  be  successfully  done  by  jigs. 
It  i*  possible  to  adjust  the  specific  gravity  of  the  fluid 
mas-  so  that  all  "  bony  "  coal  rich  in  carbon  will  float 
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with  the  coal,  while  bony  coal  that  contains  little  car- 
bon will  sink  with  the  slate.  In  the  same  way  it  be- 
comes possible  in  treating  bituminous  coal  to  make  a 
"three-part"  separation,  viz.:  1,  highest  grade  coal, 
low  in  sulphur  and  ash  and  especially  valuable  for 
making  by-product  coke  or  tor  domestic  use ;  2,  coal  of 
medium  grade  as  to  sulphur  and  ash  and  suitable  for 
general  use  as  steam  and  heating  fuel ;  3.  slate,  fireclay, 
pyrite,  and  other  impurities.  A  supplemental  separa- 
tion of  the  pyrite  (for  sale  and  use  in  sulphuric  acid 
making)  from  the  slate,  fireclay,  etc.,  can  be  made  when 
the  quantity  of  pyrite  is  sufficient  to  justify  the 
additional  cost. 

It  will  be  observed  that  the  separation  made  by  this 
method  is  a  perfect  separation;  that  the  slate  contains 
no  coal,  and  the  coal  contains  no  slate,  a  result  impossible 
to  obtain  with  any  method  of  separation  in  use. 

It  will  also  be  evident  that  the  mechanical  energy 
required  to  operate  machines  of  this  kind  will  be  far  less 
than  that  required  to  operate  jigs,  and  that  the  breakage 
from  impact  and  attrition  will  be  almost  completely 
eliminated. 

DISCUSSION: 

Doctor  Chance:  If  there  arc  any  questions  anyone 
would  like  to  ask,  I  would  be  very  glad  to  answer  them. 

A  Member:  What  would  be  the  capacity  of  the 
machine  you  just  described? 

Doctor  Chance:  We  do  not  know  the  exact  ca|>acity, 
but  Mr.  G.  H.  Elmore,  who  designed  and  built  this 
machine  is  present  and  I  would  like  to  ask  him  to  answer 
the  question. 

Mr.  Elmore:  Doctor  Chance  has  been  very  modest 
about  his  exposition  of  this  invention.  There  are  some 
features  in  connection  with  it,  which  he  has  not  men- 
tioned, that  read  like  a  romance.  I  am  sure  it  is  be- 
cause his  son  was  the  inventor  of  it,  and  with  your 
permission  and  the  permission  of  Doctor  Chance,  I 
should  like  to  take  about  ten  minutes  to  tell  you  some- 
thing more  about  this  that  he  has  not  told  you.  The 
conception  of  this  method  came  in  a  very  strange  wav. 
and  if  there  ever  was  a  piece  of  "  simon-pure  "  invention 
it  was  when  Mr.  Chance's  son  found  out  the  great  truths 
involved  in  this  little  piece  of  apparatus. 

We  have  all  seen  it— =— I  guess  every  boy  has,  in  his 
younger  and  perhaps  older  days,  when  he  has  looked 
into  a  boiling  spring,  with  water  boiling  up  thru  sand, 
seeing  the  sand  staying  at  the  same  level,  and  boiling 
all  the  time.  That  is  nothing  in  the  world  but  this  piece 
of  apparatus,  but  nobody  before  thought  of  applying  it 
until  Mr.  Chance's  son.  who  had  been  experimenting 
for  some  little  time  with  the  zinc  chloride  solution. — 
as  we  all  do  in  this  art  of  making  separations,  had  the 
thought  come  to  him.  as  it  perhaps  has  come  to  every- 
body else —that  if  we  could  only  find  something  with 
which  we  could  do  practically  what  we  can  do  with 
zinc  chloride,  something  that  would  not  cost  as  much 
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as  the  zinc  chloride,  we  would  have  an  ideal  way  of 
making  such  separations.  He  came  back  from  his  ex- 
periments with  zinc  chloride  and  with  jigs,  and  went 
down  to  the  shore  with  his  family,  and  while  out  on  the 
pier  there  one  afternoon  he  looked  down  on  the  sand 
and  saw  the  water  agitating  the  sand  and  mixing  with 
it,  and  the  thought  came  to  him,  "  That  has  a  greater 
specific  gravity  than  water.  I  wonder  if  coal  would 
not  float  in  that  mixture."  So  when  he  went  l»ack  to  the 
house,  he  took  some  of  the  seashore  sand,  put  it  in  a 
washtub,  and  in  his  back  yard,  used  the  jet  from  his 
garden  hose  to  agitate  the  sand,  and  then  threw  pieces 
of  coal  into  this  mixture  of  sand  and  water  and  found 
that  the  coal  would  float.  That  is  the  way  this  was 
discovered.  I  say  it  is  a  "  simon-pure "  invention  if 
there  ever  was  one.  Some  time  ago  I  became  interested 
in  the  matter,  and  1  am  now  putting  up  the  machine 
shown  on  I'agc  377. 

Just  one  more  word  in  regard  to  what  this  will  do 
in  the  anthracite  business.  That  is  what  I  am  inter- 
ested in, — what  this  will  accomplish  in  the  anthracite 
trade.  I  can  say  frankly  and  candidly  after  the  most 
careful  study  of  this  method,  and  judging  from  my  ex- 
perience in  the  business  of  coal  washing — and  it  has 
been  practically  the  work  of  my  life — that  I  am  more 
and  more  convinced  that  this  is  going  to  be  worked  out 
successfully  and  practically  for  use  on  a  large  scale. 
If  you  buy  a  ton  of  anthracite  coal  in  ordinary  times 
(and  let  me  make  that  distinction,  not  war  times  but 
ordinary  times)  you  get  a  very  carefully  prepared 
commodity.  The  expense  that  the  anthracite  operators 
incur  in  preparing  coal  is  stupendous.  Those  of  you 
who  have  never  been  in  an  anthracite  coal  breaker  and 
who  have  never  seen  what  processes  the  coal  is  put 
thru,  have  no  idea  of  what  these  operations  cost.  It 
would  be  practically  impossible  to  make  any  better 
preparation  of  the  anthracite  coal  as  it  comes  to  you  in 
ordinary  times  without  enormously  increasing  the  cost 
of  the  coal.  When  they  reduce  the  quantity  of  the  rock 
and  slate  in  the  coal  to  within  two  per  cent,  in  egg 
coal,  three  to  three  and  a  half  per  cent,  in  stove  coal 
and  three  and  a  half  per  cent,  to  four  per  cent,  in  chest- 
nut coal,  they  have  reached  the  limit  under  present 
methods  in  use;  take  my  word  for  that.  To  do  any 
better  would  make  the  coal  cost  you  very  much  more 
per  ton,  and  it  is  impossible  for  the  arthracitc  compan- 
ies to  furnish  you  pure  anthracite  coal,  in  so  far  as  slate- 
is  concerned,  without  making  the  cost  absolutely 
prohibitive. 

When  this  apparatus  is  used,  the  coal  will  contain 
no  slate.  It  is  not  impossible  that  some  of  the  coal 
may  settle  and  go  with  the  slate,  for  this  will  depend 
on  the  proper  operation  of  the  machine,  but  it  is  physi- 
cally impossible  for  any  slate  to  rise  and  float  with  the 
coal :  therefore,  it  is  perfectly  certain  that  you  will  not 
get  any  more  slate  in  the  coal.  Now,  there  is  another 
thing  that  is  going  to  happen.  I  have  always  thought 
of  those  two  great  moral  questions  which  are  involved 
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in  the  preparation  of  anthracite  coal.  It  is  wrong  to  sell 
a  man  something  that  is  absolutely  valueless  to  him. 
It  is  wrong  in  principle,  but  the  operators  have  been 
unable  to  avoid  it.  This  will  overcome  that.  It  is 
equally  wrong  and  wicked  to  grind  up  and  waste  in 
sludge,  millions  of  tons  of  coal  a  year,  as  is  inevitable 
when  the  bone  or  high  ash  coal  is  recrushed  and  sold 
in  the  steam  sizes.  When,  however,  this  new  method 
is  in  successful  operation  it  will  be  possible  to  save 
the  hone  that  is  in  the  coal  in  the  prepared  sizes.  It 
is  wicked  to  grind  it  up  and  waste  it,  for  you  ought 
to  buy  the  bone  and  pay  for  it  and  burn  it,  but  you 
ought  not  to  buy  a  pound  of  slate. 

These  are  two  great  moral  questions  that  this 
process  will  settle  and  settle  right.  Therefore.  I  think 
the  whole  design  and  system  of  preparing  anthracite 
will  be  revolutionized.  This  method  does  not  depend 
upon  sizing,  whereas  we  now  have  to  do  very  accurate 
sizing.  It  will  simplify  the  breakers  enormously.  It 
will  reduce  the  cost  of  preparing  the  coal  enormously. 
It  will  give  an  added  value  of  from  thirteen  to  twenty 
cents  a  ton  to  the  output  of  anthracite  companies  as 
compared  with  what  they  are  doing  now,  because  they 
can  save  the  bony  coal  without  breaking  it  up  into  the 
smaller  sizes  which  have  very  small  value  per  ton  and 
which  is  an  added  expense  to  them  lo  handle.  More 
than  that,  it  will  reduce  the  breakage  in  preparation 
and  be  in  every  way  a  great  benefit  to  the  producer 
as  well  as  to  the  consumer.  I  look  forward  to  a  won- 
derful development  with  this  simple  piece  of  apparatus. 

The  Chairman:  How  soon  will  this  be  operating, 
Doctor  ? 

Doctor  Chance  :  Mr.  Elmore  is  having  some  difficulty 
in  getting  this  machine  completed.  It  is  very  difficult  in 
these  times  to  get  new  work  done.  If  we  want  patterns 
made,  or  a  special  job  of  casting  of  one  or  two  parts, 
we  find  it  to  be  very  difficult  to  get  such  things  done 
promptly,  but  we  hope  to  see  the  machine  installed  and 
in  use  within  the  next  month  or  two. 

Mr.  Elmore:  Yes,  less  than  that.  Doctor. 

Doctor  Chanck:  Perhaps.— but  Mr.  Elmore  is  an 
optimist  and  his  hopes  may  not  be  realized. 

Mr.  Nichols:  The  question  was  one  of  the  size  and 
capacity  of  the  machine. 

Mr.  Elmore:  Nobody  knows  that  accurately,  because 
we  have  not  tested  out  a  full-sized  machine;  but,  this  is 
evident — you  put  a  mixture  of  slate  and  coal  in  it  and  the 
job  is  done  at  once:  it  cither  floats  or  sinks. — instantane- 
ously. Therefore,  it  is  mainly  a  question  of  getting  the 
best  type  of  apparatus,  and  I  am  not  at  all  sure  that  this 
design  will  give  us  the  best  type  of  machine.  It  is  only 
a  question  of  getting  apparatus  that  will  remove  these 
particles  of  slate  and  of  coal  from  the  machine  without 
destroying  the  action  of  the  machine  itself.  As  soon 
as  we  can  do  that  we  will  know  the  capacity  of  the 
machine.  There  is  no  limit  to  the  width  you  can  build 
these  machines.  I  think  we  can  readily  build  machines 
that  will  handle  from  50  to  100  tons  an  hour. 
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AMERICA  SEEING  IT  THRU  * 

By  HONORABLE  WILLIAM  HOWARD  TAFT 


The  grounds  for  hofe:— Loyally  of  our 
naturalized  citizens— our  readiness  to  ac- 
knowledge errors  and  missteps;  the 
energy  and  honesty  in  seeking  corrective 
measures;  the  selective  draft. 


WE  must  maintain  the  solidarity  of  public  opin- 
ion. Wc  must  anticipate  the  insidious  weak- 
ening that  comes  from  disaster  and  the  lure 
of  suggestions  of  inconclusive  peace,  and  we  must 
study  the  questions  of  the  solidarity  of  public  opinion 
and  strive  by  our  propaganda  to  keep  it  constant. 

There  are  some  things  which  have  come  under  my 
observation,  or  to  my  information  that  I  would  like 
to  suggest,  with  reference  to  this  solidarity  of  public 
opinion.  In  the  first  place,  the  changes  toward  the 
better  condition  than  the  one  we  seek  are  to  be  found 
in  our  naturalized  citizens  and  those  aliens  who  are 
waiting  to  be  naturalized  among  the  workmen  particu- 
larly of  this  country.  The  steps  taken  in  that  regard, 
the  changes  in  their  attitude  arc  most  interesting  to 
study,  as  we  can  derive  information  from  them  by 
the  progress  of  the  three  Liberty  Loans.  The  first 
Liberty  Loan  found  them  listless;  the  second  a  little 
aroused,  and  the  third,  to  use  an  expression  that  I 
justify  because  of  having  heard  it  here  before,  finds 
them  "  on  their  toes." 

In  Cleveland  and  in  other  centres  of  crowded  labor 
drawn  largely  from  alien  sources,  I  was  surprised  lo 
hear  the  energy,  and  the  spirit  with  which  they  rushed 
to  the  aid  of  the  Government  to  subscribe  to  the 
Liberty  Loan,  so  great  indeed  that  in  many  of  the 
establishments  ninety-five  or  ninety-eight  per  cent, 
of  the  men  had  to  be  restrained  with  reference  to  the 
steps  that  they  wished  to  take  to  compel  the  remaining 
five  or  two  per  cent,  to  make  the  subscription.  They 
demanded  that  they  be  not  compelled  to  work  with 
men  that  did  not  appreciate  the  importance  of  the 
present  issue. 

Why  was  that?  It  is  because  those  laborers  were 
largely  made  up  of  men  from  the  Slav  countries,  from 
Roumania,  from  Poland,  from  Russia,  and  from  those 
countries  that  have  felt  the  heavy  hand  of  Germany 
and  her  Allies  and  who  know-  that  the  Western  drive 
is  on,  when  they  hear  of  the  hurling  of  two  or  three 
millions  of  men  against  the  Western  front  what  the 
danger  is,  and  they  have  come  from  countries  where 
they  understand  what  tyranny  and  militarism  are.  So 
it  is  that  we  can  count  on  the  support  of  those  races 
who  arc  not  Germans,  but  who  have  felt  the  weight  of 
German  kultur. 

♦Address  delivered  at  the  National  Couventinn  of  the  I^ea^ne 
to  Knforce  Peace.  Philadelphia.  May  t?.  1918 


With  respect  to  our  citizens  of  German  origin,  I 
think  a  word  ought  to  be  said,  and  a  serious  one. 
There  came  to  this  country  early  in  the  nineteenth  cen- 
tury and  in  the  latter  part  of  the  eighteenth  century 
many  Germans  who  were  driven  out  of  Germany  be- 
cause of  religious  intolerance.  They  settled  in  Penn- 
sylvania and  in  New  York,  and  there  is  no  doubt  about 
their  loyalty. 

Then  there  are  those  who  came  over  and  are  the 
descendants  of  those  who  came  over  when  the  intel- 
lectual, forceful,  liberty-loving  Germans  attempted  to 
get  rid  of  the  twenty-eight  different  despots,  emperors, 
kings  and  kinglets,  dukclets  and  electors  that  loaded 
down  divided  Germany  in  1848.  They  failed  and  then 
they  came  here  because  they  w  ished  to  breathe  in  the 
air  of  freedom!  They  were  led  by  Carl  Schurz  and 
Frederich  Hasen.  They  left  their  country  to  avoid 
tyranny  and  militarism  and  they  came  here  to  breathe 
in  the  free  air  of  constitutional  government  and  to 
enjoy  the  pursuit  of  happiness  under  institutions  of 
civil  liberty.  They  loved  liberty  and  when  the  Civil 
War  came  on,  hating  slavery  as  the  antithesis  of  lib- 
erty, they  enlisted  largely  everywhere  and  every  battle- 
field was  wet  with  the  blood  of  our  citizens  of  German 
origin.  Now  the  descendants  of  those  and  others  who 
have  been  added  since  have  been  exposed  to  a  very 
difficult  situation. 

We  were  three  years  a  neutral.  We  were  three 
years  in  a  condition  where  Germany  and  her  propa- 
ganda widely  spread  had  the  opportunity  of  teaching 
lies  on  the  subject  of  the  blame  for  this  war.  They 
spread  the  propaganda  among  their  German  friends 
as  they  supposed  that  Germany  was  merely  defending 
her  possession  and  her  right  against  a  conspiracy  of 
Europe.  Because  they  were  not  as  keenly  alive  to 
actual  conditions  in  Germany  as  were  their  fathers 
and  grandfathers,  they  felt  pride  in  the  great  material 
steps  that  Germany  had  taken  and  the  progress  and 
prosperity  that  she  had  achieved.  And  so  they  had 
that  natural  disposition  to  sympathize  with  people 
whom  at  the  time  they  regarded  as  in  no  way  treason- 
able to  their  obligations  to  have  such  a  sympathy. 

Then  the  truth  came  out.  Germany  showed  her 
cloven  hoof  and  we  were  in  the  w  ar.  Many  of  us  who 
are  not  Germans  did  not  understand  as  fully  as  we 
now  understand  what  were  the  issues  of  the  act.  We 
did  not  enter  this  war  under  any  feeling  of  passion. 
We  had  three  years  of  neutrality  in  which  gradually 
to  study  what  the  real  issues  were,  and  when  we  en- 
tered it,  it  was  under  an  intellectual  conviction  that  we 
must  go  in  as  we  had  studied  what  the  circumstances 
were.  And  so.  these  citizens  of  German  origin  found 
themselves  within  a  conflict  of  emotion ;  they  found 
themselves,  by  their  sacred  obligations,  bound  to  make 
a  fight  against  that  country  toward  which  they  had  the 
natural  feelings  of  children.  Therefore,  we  must  be 
considerate  with  what  has  happened.  The  majority 
of  them  have  been  loyal  to  their  sacred  obligations. 
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li  among  them  there  are  some,  and  undoubtedly  there 
arc,  who  are  forgetting  their  sacred  obligation,  who 
give  aid  and  comfort  to  the  enemy,  there  is  but  one 
course  for  this  country  to  pursue  and  that  is,  after  a 
judicial  trial,  to  end  their  citizenship  in  any  country. 

But  as  to  the  great  majority,  we  should  be  con- 
siderate. We  should  understand  the  unfortunate  series 
of  circumstances  thru  which  they  have  come,  and  we 
should  welcome  them  as  responding  loyally  to  their 
obligations.  Their  .sons  are  in  the  army;  they  are 
contributing  to  the  patriotic  funds,  and  as  the  truth 
with  reference  to  the  contest  on  the  other  side  reveals 
the  hideous  atrocities  of  those  with  whom  they  have 
kinship,  they  will  become  as  solid  and  have  as  fine  a 
sense  of  patriotism  as  any  people  in  this  country. 

It  is  important  that  we  should  welcome  them  in 
order  that  we  should  have  complete  solidarity  in  this 
country  in  backing  up  our  boys  and  their  boys  on  the 
other  side  of  the  water. 

So  it  is  that  1  feel  that  we  ought  to  speak  with 
no  uncertain  sound  with  reference  to  the  disposition  to 
lawlessness  growing  out  of  some  popular  feeling  in  one 
part  or  another  because  some  ass  or  some  fool  has 
given  expression  to  disloyal  sentiments  when  you  can- 
not connect  those  disloyal  sentiments  with  any 
conspiracy. 

We  are  assuming,  and  we  have  a  right  to  assume, 
to  be  a  nation  of  Christian  civilization,  governed  by 
the  restraints  of  law.  Now,  of  all  things,  when  we 
blame  the  Germans  for  brutality  and  accuse  them,  as 
we  may  well  accuse  them,  of  atrocious  conduct,  let 
us  keep  our  skirts  clean  and  live  under  the  rule  of 
our  nation. 

So,  let  us  frown  upon  that  expression  of  loyalty 
that  prides  itself  on  brutality  in  its  expression.  The 
easiest  thing  in  the  world  is  the  man  who  joins  a  mob; 
he  is  the  easy  mark;  it  is  the  cowardly  spirit  of  cruelty 
that  prompts  him.  Let  us  go  on  in  due  order.  We 
have  no  war  here  flagrant  that  requires  us  to  resort 
to  measures  so  summary  as  to  lack  the  attitude  of 
justice.  We  are  now  having  laws  passed  that  give 
us  an  opportunity  fully  to  punish  even  the  most  cur- 
sory expression  of  disloyalty.  If  those  fools  and  asses 
and  traitors  that  give  such  expression  work  three  months 
or  a  year  or  three  years  on  the  rock  pile,  they  can  talk 
disloyalty  to  the  rock  pile,  but  I  do  not  think  it  will 
do  them  any  good.  Now,  we  are  seeing  it  thru.  I 
am  not  here  to  criticize  those  who  have  been  respon- 
sible for  the  administration  of  our  war  affairs;  that 
is  a  matter  for  political  discussion  and  elsewhere,  but 
what  I  am  here  for  is  to.  if  I  may,  give  a  brief  resume 
of  the  ground  for  hope  that  we  may  have.  There  was 
a  time  when  the  rifles  were  short;  now  we  have  got 
beyond  that  and  we  have  the  best  rifle  that  any  nation 
has,  with  full  ammunition  and  a  full  supply  of  all  the 
rifles  we  need  as  our  men  come  on  to  be  equipped. 
We  have  been  slow  with  our  machine  guns,  but  they 
are  coming  on.    We  have  got  to  pay,  my  friends,  and 
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ought  to  pay  willingly,  for  the  privilege  of  a  free 
Government,  for  a  lack  of  German  efficiency. 

Wc  are  a  wonderfully  organized  people-  -I  mean  from 
a  business  point  of  view  and  for  the  production  of  what 
we  seek  to  produce  in  private  business.  It  is  only  in  the 
Government  that  wc  tolerate  the  proposition  that  a  man 
may  be  entirely  fitted  for  a  position,  the  duties  of  which  lie 
knows  nothing  about.  But  we  are  a  wonderfully  adapt- 
able people,  at  any  rate,  because  we  may  put  a  man  into 
an  office  entirely  innocent  of  the  field  of  his  duties,  who, 
after  a  reasonable  amount  of  blunders,  will  become  a 
moderately  able  man  in  that  field.  You  will  pardon  me 
if  1  say  that  I  have  had  some  experience  that  justifies 
my  statement.  And  so  we  are,  to  use  an  expression  that 
has  been  applied  in  England,  "  muddling  on  "  but,  as  the 
man  who  came  out  of  the  hotel  and  fell  down  the  stairs, 
apparently  under  the  effect  of  bibulous  habit,  when  he 
gathered  himself  up  with  a  somewhat  sodden  dignity, 
resented  being  lifted  because  he  said  he  always  came 
downstairs  that  way. 

That  is  the  way  wc  have  got  into  every  war.  But  we 
have  the  foundation  of  courage  and  intelligence  and 
capacity  and  patriotism,  which  in  the  end  pulls  us  thru. 
And  so  it  is  with  res|>ect  to  the  machine  guns;  in  a  meas- 
urable time,  we  shall  be  producing  the  best  machine  guns 
that  the  world  has  seen,  and  producing  them  in  all  the 
capacity  needed  to  seventy-five  millimetre  guns  and  the 
heavier  artillery. 

One  of  the  pleasures  of  being  completely  irresponsible 
and  being  right  at  home  in  the  family  is  that  we  can 
admit  our  errors  and  our  weaknesses.  One  of  the 
troubles  about  us  is  what  a  polite  stranger  would  call 
"  unwarranted  optimism,"  what  really  is  a  disposition  to 
blow  about  what  we  can  do.  And  so  we  have  been  blow- 
ing about  what  we  arc  going  to  do,  and  have  not  done  it. 
That  is  all.  Wc  sounded  the  trumpet  without  knowing 
the  difficulties.  They  do  not  discourage  us.  We  asso- 
ciate with  that  disposition  to  trumpet  our  excellencies  and 
virtues  and  achievements  an  intimate  knowledge  of  our- 
selves which  robs  us  of  any  discouragement  because  we 
do  not  come  up  to  our  promises.  And  so  it  is  that  we 
are  making  slowly  the  progress  that  will  ultimately  bring 
about  a  supply  of  everything  we  need  that  will  startle 
us  and  startle  the  world  with  its  total. 

So,  with  respect  to  ships  we  have  had  great  discour- 
agement and  great  delay;  unnecessary  it  may  be,  but  after 
we  get  going,  we  will  put  ships  enough  upon  the  sea  that 
we  will  make  a  bridge  of  ships  from  here  to  Kuropc, 
that  will  carry  all  the  army  we  need  to  raise,  and  in  the 
meantime,  wc  shall  have  made  so  many  torpedo-boat  de- 
destrovers  and  shall  have  learned  so  many  means  of 
organizing  against  the  serpent  of  the  sea,  that  wc  will 
end  the  enjoyment  that  the  head  of  the  German  Potsdam 
gang  has  had  in  his  piracy  and  murder  upon  the  sea  by 
the  difficulty  of  securing  gentlemen  who  wish  to  enter 
in  that  proposition. 

And  then,  with  respect  to  our  men— one  of  the  things 
to  which  this  administration  is  fully  entitled  is  the  credit 
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for  the  conscription  law.  It  has  been  made  the  basis  for 
the  raising  of  an  army  that  will  win  the  war.  In  the 
outset,  it  was  perfectly  characteristic  of  us.  Wc  have 
such  rare  brains,  with  such  power  of  discovery,  that  we 
were  going  to  fight  a  war  without  exposing  any  of  our 
boys  to  killing  or  wounding.  We  were  just  going  to  put 
up  the  money,  just  invent  the  instruments  of  destruction 
that  somebody  else  was  to  use,  and  then  we  were  to  sit 
back  and  enjoy  a  comfortable  time  while  wc  watched 
the  victory  won. 

Xow,  that  is  a  very  true  interpretation  of  the  attitude 
of  a  great  many  people  in  this  country.  Now  wc  arc 
learning  something.  Wc  are  learning  that  in  spite  of  all 
the  changes  in  warfare,  of  all  the  modern  improve- 
ments in  warfare,  battles  are  still  fought  and  won 
by  men. 

We  say,  "  Food  will  win  the  war."  Well,  that  isn't 
a  correct  expression.  Food  will  lose  the  war.  We 
say,  "  Money  will  win  the  war.''  The  absence  of  it 
may  lose  it.  But  the  one  thing  that  is  affirmatively 
necessary  is  the  red-blooded  courage  of  men,  and  many 
men.  That  is  what  the  conscription  law  offers.  Under 
it,  and  it  is  a  marvelous  exhibition  of  the  self-governing 
capacity  of  the  American  people,  the  man  who  drafted 
the  law  was  General  Crowdcr.  He  had  confidence  in  it, 
in  the  intelligent  action  of  committees  and  the  selection 
in  that  community  of  men  competent  to  act.  and  he 
threw  the  law  on  the  people,  and  the  people  responded. 
In  a  marvelously  short  time,  under  his  regulation,  ten 
millions  of  men  were  registered,  and  out  of  that  ten 
millions  wc  have  now  been  culling,  we  have  divided 
them  up  under  his  regulations  and  questions  into 
classes.  The  first  class  is  of  unmarried  men  and  of 
married  men  who  have  no  dependents,  and  those  who 
have  no  useful  occupation.  I  am  not  going  to  say  how 
large  a  class  that  latter  division  of  Class  A  is,  but 
Class  A  represents  those  with  no  dependents. 

We  raised  in  that  class  600,000  regular  and  187.000 
specific  units,  making  787,000,  which  added  to  the 
volunteers  of  the  National  Guard  and  the  Regular 
Army  made  an  army  of  1,600.000. 

That  is  an  army  which  will  have  added  to  it  200.000 
more  in  the  course  of  training  which  we  now  have.  It 
is  the  army  that  has  been  hurried  to  France.  Class  A 
is  2.400.000,  or  was  when  the  first  increment  of  187,000 
was  drawn.  Now  we  have  an  army  of  1.600,00(1  Out 
of  the  2,400,000  we  now  call  in  May  and  April  for 
600.000  more.  That  reduces  that  to  1.800,000.  In  the 
remainder  of  the  year  we  shall  call  800,000.  That 
reduces  Class  A  to  1,000.000  men.  Ry  the  new  law, 
we  add  thereto  700.000  of  those  who  have  come  to  be 
twenty-one  years  of  age  during  the  year  since  May  of 
last  year  when  the  law  was  passed.  With  the  addition 
to  our  present  army  of  1.400,000  drawn  this  year  and 
drafted,  w-e  shall  have  at  the  end  of  this  year  an  army 
of  3,200,000,  and  have  left  in  Class  A  a  million  men 
undrawn.  In  the  year  1919,  by  the  operation  of  this 
new  amendment,  we  shall  gather  in.  as  over  twenty- 
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one,  700,000  more  men,  making  1,700.000  in  Class  A 
for  the  increase  during  1919,  or  with  3,200,000  in  the 
army  at  the  end  of  this  year.  At  the  end  of  the  follow- 
ing year,  wc  can  add  2,000,000  and  make  an  army  out  of 
Class  A  alone  of  5,400,000  men. 

Now,  consider  what  that  means.  Sec  what  they 
have  done  in  England  and  in  France.  They  have 
called  upon  dependents.  They  have  called  on  men  up 
to  fifty.  They  have  called  upon  men  who  in  this  coun- 
try would  be  exempted  without  a  word,  and  yet  we 
can  put  an  army  into  the  field  of  5,400,000  men  and  only 
call  upon  the  men  between  twenty-one  and  thirty-one, 
and  those  men  who  have  no  dependents  at  home. 

Xow,  that  is  what  I  call  seeing  it  thru,  and  if  we 
need  another  army  of  5,400,000  men,  all  we  have  to  do 
is  to  reduce  the  age  to  eighteen  and  go  into  Class  B 
with  some  who  have  dependents,  and  we  can  make 
an  army  of  ten  millions  of  men.  Xow,  with  that  capa- 
city, with  our  power  of  production,  that  this  year  and 
the  year  after  will  demonstrate  our  potentiality,  aren't 
we  ourselves  to  blame,  must  we  not  be  held  up  to  the 
shame  of  history  if  we  don't  win  this  war? 


LIGHTING  CURTAILMENT* 

By  PRESTON  S  MILLAR 


The  coal  used  in  the  production  of 
electric  light  it  lets  than  2  per  cent.  of  the 
total  coal  output  of  the  country.  Curtail- 
ment of  lighting  can  therefore  accomplish 
relatively  little  as  a  coal-saving  measure. 
Standards  of  illumination  intensity  he- 
fore  the  itar  were  in  general  I  'fl  i'"ti'.  In 
zie'v  of  the  tiur  and  the  fuel  shortage, 
lighting  ought  to  be  reduced  in  some 
classes  of  senice  and  increased  in  others. 
Any  practicable  curtailment  is  about  3  per 
cent.,  which  means  about  .WOO  Ions  of 
ccal  per  annum,  or  a  trifle  more  than  five 
one-hundredths  of  I  per  cent.  It  is  prac- 
ticable to  effect  much  larger  savings  by 
oilier  methods  with  lest  disadvantage  to 
the  public. 


Till*  must  important  thing  is  to  win  the  war.  The 
need  for  directing  money,  energies  and  materials 
toward  the  prosecution  of  the  war  makes  it 
imperative  that  waste  and  extravagance  be  eliminated. 
Economy,  in  lighting  as  in  other  things,  contributes 
to  victory. 

Economy  involves  adjustment  of  resources  to  se- 
cure the  best  results.   As  Kuskin  has  said,  "  Economy 

♦  Presented  before  the  Philadelr.bia  Section,  Illuminating  Ert- 
KiiucriiiK  Society,  February  15.  1918,  at  tlie  Engineers'  Club. 
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no  more  means  saving  money  than  it  means 
spending  money."  Economy  in  lighting  in  the 
present  circumstances  depends  upon  : 

1.  Securing  best  accomplishment  of  the  re- 

sults which  the  lighting  is  intended  to 
bring  about,  subject  to  the  need  for 

2.  Reducing  consumption   of    fuel   by  the 

elimination  of  unnecessary  lighting  and 
by  reduction  of  other  lighting  so  far  as 
the  emergency  warrants.  Emergency 
reduction  should  be  undertaken  after 
due  consideration  of 

(o)  the  amount  of  fuel  saving  which 
can  la'  accomplished. 

(b)  the  disadvantages  involved  in  the 
reduction,  and 

(c)  the  practicability  of  saving  the 
same  amount  of  fuel  otherwise 
with  less  disadvantage. 

THE  PLACE  OF  ILLUMINATION  IN 
OUR  AFFAIRS 

Artificial  light  makes  possible  practically  all 
the  nocturnal  activities  which  go  so  far  toward 
differentiating  modern  from  ancient  life.  It 
facilitates  and  renders  safe  a  wide  range  of  in- 
dustrial, educational  and  recreational  activities 
which  are  of  inestimable  material  and  spiritual 
benefit  to  the  country.  A  moment's  contempla- 
tion of  the  curtailment  of  living  which  would 
ensue  if  there  were  no  artificial  light  will  con- 
vince of  its  invaluable  and  indispensable  nature. 


THE  COST  OF  ILLUMINATION 

The  cost  of  artificial  illumination  of  all  kinds  is 
yi  to  2  per  cent,  of  the  total  expenditure  of  the  people. 
It  compares  with  certain  other  expenditures  as  follows: 

Illumination    $500,000,000' 

Liquors    665.000.000' 

Tobacco   490.000.000* 

The  great  value  of  artificial  light  to  the  public,  and 
its  small  cost,  are  important  considerations  which  ought 
not  to  be  neglected  when  discussing  lighting  curtailment. 

COAL  CONSUMED  IN  ELECTRIC  LIGHTING 

The  significant  figures  to  have  in  mind  when  dis- 
cussing this  subject  arc  as  follows,  all  being  rough 
approximations: 

Ai'I'Romm ate  Coal  Consumption  PM  1917 

Total  coal  output  of  the  country  640.000,000  tons' 

Total  employed  in  production  of  electric  light  and 

power  (traction  excluded)    45.000.000  tons* 

Total  employed  for  production  of  light  by  electric- 
ity (*ee  note)    12.000.000  tons* 

Fig.  1  is  a  representation  of  these  quantities,  which 
may  assist  in  indicating  relative  magnitudes. 


ITotal  CmHW  £ 


H  Total  Coa\- 
E.lectrLc  Light 


Total  Coat- Electric 
Light  and  Power 


Fig.  I. — Coal  consumption  of  the  country 

According  to  these  estimates,  about  2  per  cent,  of 
the  coal  consumption  of  the  country  goes  into  electric 
light.  We  are  told  that  our  consumption  of  coal  must 
be  reduced  by  50,000.000  tons  per  annum.'  I  f  the  entire 
electric  lighting  of  the  country  were  cut  off  the  saving 
in  coal  would  be  only  24  per  cent,  of  the  required  sav- 
ing. In  considering  lighting  curtailment  therefore  it  is 
important  to  bear  in  mind  that  even  if  every  candle- 
power  of  electric  lighting  were  wasted  the  loss  of  coal  in- 
volved would  not  be  the  great  outstanding  coal  waste 
of  which  this  country  is  guilty.  As  relatively  little  light 
is  wasted,  it  is  evident  that  the  amount  of  co>al  which 
can  be  saved  by  curtailment  of  electric  lighting  is  small. 
Our  discussi<  n  has  to  do  with  the  saving  which  it  may 
be  possible  to  effect  in  the  2  per  cent,  of  the  country's 
coal  which  is  consumed  in  electric  lighting. 

PRESENT  STATUS  OF  ARTIFICIAL  LIGHTING 

Before  the  present  period  of  fuel  stringency,  the 
employment  of  artificial  light  had  increased  rapidly. 
In  some  classes  of  service  it  had  attained  a  stage  which 
in  the  present  state  of  the  art  was  considered  by  ex- 
perts to  be  reasonably  satisfactory  with  respect  to 
intensity  tho  not  so  in  respect  to  the  manner  in  which 
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the  light  was  vised.  Such  a  condition,  however,  was 
exceptional.  Upon  the  whole  artificial  lighting  has 
been  inadequate,  considering  the  best  advantages  to 
the  public.  Safety,  conservation  of  vision,  economy  in 
production,  commercial  success,  and  esthetics,  singly 
and  in  various  combinations,  require  improved  utiliza- 
tion of  artificial  light  which  in  many,  if  not  in  most 
cases  involves  the  production  of  more  light. 

Within  the  past  two  weeks  the  author  has  requested 
a  number  of  members  of  the  Society  to  express  their 
views  as  to  the  adequacy  of  standards  of  lighting  prac- 
tice. The  consensus  of  the  opinions  secured10  is  pre- 
sented in  the  following  table : 

Present  day  ideal 
cldesirable  practice 
as  compared  with 
practice  juit  before 
the  war. 


ftajUH-s  <>f  lighting  service.  per  cent. 

Street  (civic,  not  white  way)    +70 

Public  buildings  ( schools,  colleges,  institutions. 

etc.)    +  100 

Industrial    +175 

Protective  (outside  and  inside)   +400 

Commercial  (offices,  stores,  etc.)    +40 

Residence  (including  hotels.  clubs,  etc.)   +  .V) 

Recreational  (churches,  theatres,  saloons,  etc.)  0 
Advertising  (signs,  white  way,  show  windows, 

etc.)    0 

Miscellaneous    +100 


Assuming  a  certain  distribution  of  illumination 
among  the  several  classes  of  lighting  service  named14 
(see  page  389)  it  develops  that  according  to  the  con- 
sensus of  opinion  of  these  thirteen  men,  electric  light- 
ing as  a  whole  ought  to  be  increased  by  about  72  per 
cent,  in  order  to  conform  to  the  consensus  of  their  opin- 
ions as  to  desirable  intensities. 

In  relatively  few  instances  has  more  artificial  light 
been  employed  than  the  circumstances  warrant.  There 
is  occasionally  encountered  a  popular  opinion  that  arti- 
ficial light  is  used  more  largely  than  is  necessary.  The 
phrase  "  over  illumination  "  appears  to  have  found  some 
place  in  popular  parlance.  The  origin  of  this  impres- 
sion is  to  be  found  not  in  the  use  of  too  much  artificial 
light,  but  rather  in  the  glare  of  exposed  light  sources 
which  arc  excessively  bright  and  which  create  the  im- 
pression of  high  illumination.  Good  illumination  in- 
volves correct  practice  in  respect  to  intensity,  diffusion, 
direction,  and  color  of  light.  When  the  artificial 
illumination  is  correctly  designed  as  to  diffusion  and 
direction,  there  is  no  suggestion  of  over  illumination. 

Xi/re  —Coal  Data  in  this  paper  Confined  to  Elf  (trie  Lighting. 

Properly  a  paper  of  this  kind  presented  before  the  Illuminat- 
ing Engineering  Society  ought  to  include  all  form  of  light.  Trac- 
lically,  however,  the  time  available  for  the  preparation  of  this 
paper  has  been  so  short,  that  it  has  been  necessary  to  confine 
attention  to  electric  lighting.  The  principles  which  are  em- 
phasized apply  equally  as  well  to  flame  illuminants.  The  man- 
ner oi  their  application,  the  conditions  of  use  which  affect  and 
even  govern  their  application,  and  the  conclusions  to  be  drawn 
are  peculiar  to  each  kind  of  lighting. 
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To  talk  of  over  illumination  by  artificial  light  is  un- 
reasonable, in  view  of  the  fact  that  intensities  range 
from,  say,  a  minimum  of  0.01  foot-candle  outdoors  to  a 
maximum  of  5  foot-candles  indoors,  while  sunlight  as 
we  employ  it  ranges  from,  say,  10  foot-candles  indoors 
to  a  number  of  thousands  of  foot-candles  outdoors. 
How  then  is  it  possible  to  speak  of  over  illumination 
by  artificial  light,  when  the  brightest  artificial  illumina- 
tion is  only,  say,  one-quarter  of  the  least  bright  sun- 
light which  is  used  for  the  same  purpose  within 
buildings? 

Let  us  base  our  consideration  firmly  upon  the  fact 
the  indiscriminate  curtailment  would  involve  reduction 
from  lighting  standards  which  are  less  than  adequate. 

WASTE  VERSUS  EXCESS 

There  is  an  im(»ortant  distinction  between  waste  and 
excess  in  lighting.  Waste  has  no  compensations;  it 
should  be  eliminated  wherever  found.  Lamps  left 
burning  when  no  light  is  needed ;  unconsunied  fuel  in 
discarded  ashes;  uncoiisumed  gases  passing  up  the 
chimney— these  arc  wastes. 

Excess,  on  the  other  hand,  is  difficult  to  define,  and 
there  is  always  room  for  difference  of  opinion  as  to  the 
line  of  demarcation  between  sufficiency  and  excess. 
Illumination  which  would  have  been  considered  ex- 
cessive a  few  years  ago  is  now  accepted  quite  as  a  mat- 
ter of  course.  This  is  not  a  question  of  style— activities 
arc  now  more  intensified.  Speeding  up  all  along  the 
line  is  associated  with  higher  levels  of  illumination, 
cither  as  cause  or  effect.  Therefore  while  we  should 
condemn  waste  wherever  it  is  found,  "excess"  should 
be  examined  carefully  before  a  verdict  is  reached,  lest 
more  be  lost  than  gained  as  a  result  of  reduction  be- 
low intensities  mistakenly  regarded  as  excessive. 

OBJECTS  OF  CURTAILMENT 

The  objects  to  attain  which  lighting  may  be  cur- 
tailed justifiably  are  principally : 
Military  advantage. 

Release  of  generating  capacity  for  more  im- 
portant work. 
Coal  saving. 
Money  saving. 

Beneficial  psychological  effect. 

Military  Advantage. — In  England  and  France  lighting 
has  been  suppressed  with  a  view  to  concealing  cities  and 
landmarks  from  enemy  aviators.  Thus  far  this  phase  of 
the  problem  has  not  inlluenced  practice  in  this  country. 
Lighting  restrictions  have  served  no  direct  military 
advantage. 

Release  of  Generating  Capacity—  Where  there  is  a 
shortage  of  generating  capacity,  as  has  occurred  in  a  few 
localities,  the  removal  of  the  non-essential  load  for  the 
purpose  of  releasing  generating  capacity  for  work  con- 
tributing directly  to  the  prosecution  of  the  war  and  to  the 
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important  needs  of  the  public,  is  a  valuable  expedient. 
"  Unnecessary  '**  lighting  falls  within  this  class. 

Coal  Swing. — A  saving  of  coal  which  is  not  justifi- 
able because  uneconomical  in  ordinary  times  becomes  en- 
tirely so  when  the  supply  is  inadequate.  Curtailment  of 
"  nonessentials,"  including  unnecessary  lighting,  is  in 
order.  At  such  a  time  it  is  desirable  to  do  this  if  the  ad- 
vantage of  coal  saved  outweighs  the  disadvantage  of  cur- 
tailment. 

Money  Sating. — The  value  of  artificial  lighting  is 
ineonimensurately  greater  than  its  cost  to  the  public,  and 
it  is  used  rather  too  sparingly.  From  this  point  of  view 
alone,  more  money  ought  to  be  spent  on  artificial  lighting. 
A  thrift  campaign  will  touch  many  non-essentials  and 
some  essentials  before  general  curtailment  of  artificial 
lighting  becomes  desirable  on  this  score.  Real  economy, 
generally  speaking,  is  not  to  be  served  by  a  reduction  in 
artificial  lighting. 

"Psychological  Effect." — The  "  psychological  effect  " 
which  is  said  to  be  desirable  may  be  any  one  of  the  fol- 
lowing: it  may  remind  people  of  the  need  for  reducing 
light  at  home ;  it  may  remind  people  that  we  are  at  war 
and  that  economy  is  to  be  practiced  in  all  directions ;  it 
may  create  the  impression  that  large  savings  in  coal  are 
being  effected. 

The  same  qualities  of  artificial  lighting  which  ren- 
der it  conspicuously  successful  as  an  advertising 
medium  bring  about  attempts  to  curtail  it  with  a  view 
to  advertising  to  the  public  the  need  for  reduction 
of  consumption  of  other  commodities.  Whether  or  not 
the  effect  upon  the  public  of  curtailment  of  advertising 
lighting  is  that  which  some  people  have  anticipated  is 
a  question.  If  the  "  psychological  effect  "  of  extinguish- 
ing prominent  electric  signs  prompts  the  public  to  save 
in  coal  as  in  other  things,  the  result  should  be  good.  If 
it  leads  the  public  to  believe  that  large  coal  savings  are 
being  accomplished  through  such  curtailment,  the  re- 
sult is  not  likely  to  be  good.  For  best  ultimate  results 
our  actions  must  be  based  upon  facts  and  not  upon  er- 
roneous impressions.  In  either  event  the  "  psychological 
effect"  will  be  felt  most  strongly  at  the  start,  and  will 
cease  to  0|>cratc  conspicuously  after  the  public  shall  have 
become  accustomed  to  the  new  order  of  things. 

METHODS  OF  LIGHTING  CURTAILMENT 

Various  methods  of  reducing  artificial  lighting  as 
a  war  measure  have  been  proposed  as  follows: 

1.  Remove  unnecessary  lamps. 

2.  Fxtinguish    all    lamps    when    they    are  not 
needed. 

3.  Fxtinguish  some  of  the  lamps  when  possible. 

4.  Substitute  smaller  sizrs  of  lamps. 

5.  Replace  inefficient  by  efficient  lamps. 
Remove  Unnecessary  Lamps—  This  should  be  done 

•Necessity  and  luxury  arc  relative  tonus.  I.it»htiiiK  which 
15  important  may  he  dispensed  with  in  a  national  emergency. 
That  which  seems  least  important  is  here  classed  a* 
"  unnecessary  " 
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by  all  means.  The  power,  the  labor  of  attendants  and 
the  lamps  themselves  are  needed  elsewhere  for  important 
work. 

Extinguish  All  Lamps  When  They  Are  Not  Needed. 
— There  is  every  reason  for  emphasizing  the  desirability 
of  eliminating  unnecessary  use  of  light.  Fuel  adminis- 
trators and  lighting  companies  have  urged  this  expedient 
very  prominently.  Hulk-tin  V  of  the  Committee  on  Coal 
Conservation  of  the  Chamber  of  Commerce  of  the  United 
States,  entitled  "  Conservation  in  Use  of  Coal "  (see 
Appendix)  contains  some  excellent  suggestions  for  cur- 
tailment of  lighting. 

Extinguish  Some  of  the  Lamps  When  Possible  — To 
have  available  a  complete  lighting  equipment  with  lighting 
units  of  reasonable  power  to  meet  the  requirements  in  a 
given  installation  is  an  excellent  thing.  Some  of  these 
may  be  extinguished  for  certain  purposes  without  dis- 
advantage. Thus,  in  a  home,  a  room  which  is  needed 
for  reading  purposes  at  certain  times  and  is  used  at  other 
times  for  purposes  which  do  not  require  close  applica- 
tion of  the  eyes,  may  Ik-  served  by  a  reduced  amount  of 
illumination  on  the  latter  occasions.  This  plan  is  su- 
perior to  that  of  replacing  lamps  of  reasonable  power 
with  small  lamps,  making  it  impossible  to  get  the  full 
illumination  when  it  is  required. 

Likewise,  in  small  specialty  shops,  or  in  certain  rooms 
of  mercantile  establishments,  a  part  of  the  lighting 
system  may  be  used  when  customers  are  not  present 
and  the  full  lighting  may  be  turned  on  when  cus- 
tomers enter. 

Substitute  Smaller  Sices  of  Lamps. — This  is  advisable 
in  a  few  classes  of  service  where  lighting  is  now  of 
ample  intensity.  In  general,  or  as  a  wholesale  proposi- 
tion, it  is  inadvisable  for  the  following  reasons  : 

Present  intensities  of  illumination  are  less  than  in 
expert  opinion  arc  desirable  for  the  most  economical 
ultimate  results. 

'1  here  is  now  a  lamp  shortage,  and  to  dispense  with 
moderate-sized  lamps  would  result  in  the  loss  of  many 
of  them  which  would  be  a  serious  economic  waste. 

Smaller  lamps  arc  of  slightly  lower  efficiency  and 
are  more  fragile  than  arc  moderate-sized  lamps.  Fra- 
gility means  shorter  life  in  service.  The  extent  to 
which  this  is  the  case  is  indicated  in  the  following 
table  : 
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When  using  small  lamps  one  is  between  the  devil 
and  the  deep  sea.  If  he  cleans  them  in  order  to  main- 
tain them  at  the  highest  efficiency  and  avoid  waste  due 
to  dirt,  he  is  likely  to  break  the  fragile  filaments.  On 
the  other  hand,  if  to  save  the  filaments  he  does  not 
clean  them,  waste  is  incurred  through  dirt  absorption. 
The  moderate-sized  lamps  which  are  used  more  gen- 
erally arc  more  rugged,  and  do  not  place  the  user  in 
this  awkward  predicament. 

Replace  Inefficient  by  Efficient  Lamps. — With  few  ex- 
ceptions, carbon  and  Gem  lamps  and  open  gas-flame 
burners  ought  to  be  eliminated  and  replaced  by  the  more 
efficient  Mazda  and  gas  mantle  lamps  respectively.  Tor 
the  same  energy  a  Mazda  lamp  will  produce  three  times 
as  much  light  as  a  carbon  lamp,  and  a  gas  mantle  lamp  will 
produce  five  times  as  much  light  as  an  open-flame 
burner.  The  relatively  inefficient  carbon  lamps  and 
open-flame  burners  usually  produce  too  little  light  for 
the  purpose,  and  the  full  light  of  the  more  efficient  il- 
luminants  which  may  be  used  to  replace  them  is  often 
desirable.  Where  it  is  not  necessary,  however,  ad- 
vantage may  be  taken  of  the  substitution  of  the  more 
efficient  illuminants  to  reduce  consumption  below  that 
of  the  carbon  lamp  or  open-flame  burner  by  using 
smaller  size  lamps  of  the  efficient  types. 

OTHER  MEANS  OF  SAVING  FUEL 

To  arrive  at  suggestions  for  saving  fuel  used  for 
lighting  purposes  without  deleterious  effect,  one  should 
consider  the  elements  of  inefficiency  in  lighting,  and 
the  jtossibility  of  eliminating  them.  Such  a  line  of  con- 
sideration brings  the  following  to  the  fore. 

Good  Utilization  of  Light. — Selection  of  suitable  re- 
flectors or  other  lighting  accessories  may  in  some  cases 
make  it  possible  to  provide  equally  gojd  illumination  while 
using  smaller  or  fewer  lamps. 

Good  Maintenance.— -Dirt  cuts  down  lighting  effi- 
ciency markedly.  Statistics  are  available  to  show  that 
cleaning  of  lamps  and  lighting  accessories  have  increa>ed 
the  useful  illumination  by  as  much  as  one-third.  It  is 
reasonable  to  state  that  the  difference  between  good  and 
poor  maintenance  of  a  lighting  system  will  account  for 
20  per  cent,  of  the  total  light. 

Use  of  Good  Reflecting  Surfaces— -Good  white  paint 
or  other  good  light  reflecting  surfaces  conserve  light 
materially.  Sometimes  a  wall  or  side  of  a  building  may 
he  whitewashed  with  the  result  that  more  daylight  is  re- 
flected into  an  interior,  thus  reducing  the  use  of  artificial 
light. 

Other  measures  which  are  attracting  favorable  con- 
sideration, but  which  are  not  within  the  scope  of  illum- 
inating engineering,  include  the  following: 

Daylight  Saving. — The  adoption  of  summer  daylight 
saving  as  now  proposed  is  estimated  to  be  capable  of  re- 
ducing the  coal  consumption  of  electric  central  station 
stc.mi  plants  by  230,000  tons  per  annum  for  the  entire 
country. A  suggestion  to  advance  the  period  of  activ- 
ity by  one  hour  the  entire  year  round,  which  is  now 
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attracting  considerable  attention,  is  estimated  to  afford 
about  the  same  saving  to  the  public  in  lighting  bills, 
but  to  result  in  a  somewhat  greater  saving  of  coal  on 
account  of  the  more  favorable  load  factor  for  power 
plants  which  would  result  in  the  winter  months. 

Utilization  of  Water  Power— It  is  estimated  that  only 
about  one-tenth  of  the  available  water  power  of  this 
country  is  developed.  Most  of  the  remainder  is  in  the 
western  states.  Much  of  it  is  remote  from  centers  of 
population.  All  will  require  time  for  development  after 
legislative  impediments  shall  be  removed.  It  is  clear, 
however,  that  tremendous  reductions  in  coal  consumption 
may  be  effected  in  the  future  thru  further  utilization  of 
our  water  power  resources. 

Elimination  of  Small  Power  Plants — The  inherently 
lower  efficiency  of  small  plants,  together  with  the  less 
expert  operation  which  in  general  they  receive,  is  esti- 
mated to  be  responsible  for  the  use  of  one-third  more 
coal  than  necessary.  This  element  of  waste  is  even 
more  serious  in  England  than  in  this  country,  as  is  evi- 
denced by  a  recent  report  (April  16,  1917)  of  the  Coal 
Conservation  Sub-Committee  of  the  Reconstruction 
Committee,"  in  which,  after  pointing  out  that  the 
average  capacity  of  English  generating  plants  is  5000 
horsepower,  it  is  stated  that  "  The  present  coal  con- 
sumption if  used  economically  would  produce  at  least 
three  times  the  present  amount  of  power." 

DESIRABLE  ADJUSTMENTS  OF  LIGHTING 

The  extent  to  which  it  is  desirable  to  reduce  arti- 
ficial lighting  depends  upon  the  seriousness  of  the 
emergency  which  is  to  be  met.  The  grave  shortage  of 
coal  during  the  past  few  weeks  has  made  necessary  the 
reduction  of  a  number  of  luxuries  and  some  necessities. 
Artificial  lighting  has  borne  its  full  share  of  the  neces- 
sary curtailment,  and  rather  more  than  its  full  share 
of  the  attention  of  the  public  in  general  as  a  means  of 
compensating  for  the  fuel  shortage. 

The  extent  to  which  lighting  should  be  adjusted  in 
the  present  unusual  circumstances  will  perhaps  be  bet- 
ter appreciated  if  artificial  lighting  is  considered  sep- 
arately for  the  various  principal  kinds  of  service,  which 
for  the  present  purpose  are  classified  as,  street  lighting, 
the  lighting  of  public  buildings,  industrial  lighting,  pro- 
tective lighting,  commercial  lighting,  residence  light- 
ing, recreational  lighting  and  advertising  lighting.  Ad- 
justments may  be  effected  in  each  class  by  altering 
the  level  of  illumination  intensities  maintained,  or  by 
changing  the  extent  of  the  lighting. 

Street  Lighting.—  It  is  desired  to  differentiate  between 
civic  street  lighting  considered  under  this  head,  and 
display  lighting  for  business  purposes,  sometimes  called 
"  white  way  "  lighting.  Civic  street  lighting  provides 
safety  against  collisions,  protection  against  criminals, 
reduces  the  amount  of  policing  necessary  on  the  streets 
and  permits  the  public  to  go  about  after  dark  conveni- 
ently and  without  annoyance.  It  costs  the  public  about 
$1.00  per  capita  per  year.   It  is  generally  adjusted  as  to 
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intensity  with  respect  to  extent  of  the  traffic  and  the 
real  estate  development  of  the  neighborhood.  The  de- 
velopment of  the  automobile  has  created  a  need  for 
much  more  light  in  the  streets  in  order  to  provide  for 
safety  against  collision  and  crime.  It  is  generally  con- 
sidered that  the  lighting  of  streets  is  inadequate.  Of 
the  total  mileage  of  lighted  streets  only  an  insignificant 
proportion  is  lighted  to  such  an  extent  as  to  make  it  ad- 
visable to  curtail  the  lighting  even  in  times  of  fuel 
shortage  such  as  we  are  experiencing. 

Abroad  during  1915-16  extreme  precautions  were 
taken  in  the  way  of  eliminating  or  concealing  from 
above  all  street  lamps.  It  developed,  however,  that  the 
menace  to  the  public  from  street  Occidents  was  much 
more  serious  than  the  menace  from  enemy  airships* 

It  is  stated  that  from  Aug.  1,  19!4,  to  Jan.  31,  1915, 
in  the  metropolitan  area  of  London  during  the  hours 
of  darkness  954  persons  were  killed  in  street  accidents, 
and  137  were  killed  in  airship  raids.  To  the  reduced 
street  lighting  is  attributed  a  large  part  of  the  excess 
of  street  accidents.  English  technical  literature  makes 
it  evident  that  during  the  past  year  official  and  public 
opinion  has  undergone  considerable  change  on  this 
question.  Public  lighting  restrictions  are  less  severe, 
and  the  former  street  lighting  is  being  restored  to  some 
extent. 

Street  lighting  should  not  be  considered  indepen- 
dently of  sign  lighting.  In  localities  where  the  public 
congregates  in  large  numbers  at  night,  there  are  likely 
to  be  electric  signs  which  add  very  materially  to  the 
street  illumination.  The  extinction  of  these  signs 
places  entire  dependence  upon  the  street  lighting  sys- 
tem which  alone  sometimes  proves  inadequate.  In 
certain  portions  of  Times  Square.  Xcw  York  City,  not 
in  the  vicinity  of  any  particular  sign,  the  illumination  of 
the  street  is  five  times  as  great  when  the  signs  are  in 
operation  as  it  is  when  sole  dependence  is  placed  upon 
the  street  lighting  system.15 

Lighting  of  Public  Buildings, — Libraries  are  probably 
of  greater  reference  value  in  time  of  war  than  in  time  of 
peace.  The  lighting  of  libraries  is  notoriously  inade- 
quate, and  ought  to  be  increased  as  well  as  improved. 
University  and  college  buildings  may  offer  some  oppor- 
tunity for  diminished  illumination  by  reason  of  the  de- 
creased number  of  students  occasioned  by  the  war. 
Schools,   like    libraries,   are   generally  inadequately 

*The  following  is  the  record  of  motor  vehicle  accidents  in 
the  city  of  London  :" 

Number  o(accMtnt» 
Total  F.tal  Nnn-Lu! 

1913    424  13.157 

1914    493  14,638 

>91  S    666  16,366 

1916  to  Oct.  31    509  11.827 
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lighted.  Federal  and  municipal  buildings  require  the 
usual  amount  of  light,  to  the  end  that  public  work  may 
not  be  impeded. 

Industrial  Lighting. — Progressive  manufacturers  have 
devoted  a  good  deal  of  attention  in  recent  years  to 
lighting.  Good  factory  management  requires  liberal 
lighting,  and  good  lighting.  While  statistics  are  diffi- 
cult to  obtain,  yet  it  is  generally  believed  by  those  who 
have  devoted  attention  to  the  subject,  that  production 
is  increased,  shrinkage  reduced  and  accidents  avoided 
through  adequate  lighting. 

Recent  tests  made  in  a  machine  shop  of  one  of  the 
large  Chicago  concerns  under  the  direction  of  the 
Lighting  Committee  of  the  Commonwealth  Edison 
Company  showed  from  8  to  27  per  cent,  increase  in  pro- 
duction when  the  lighting  intensity  was  increased  from 
4  to  12  foot-candles.  These  figures  cover  eight  differ- 
ent operations  which  averaged  a  15  per  cent,  increase. 
Eor  each  intensity  a  carefully  designed  system  with 
deep  bowl  steel  reflectors  was  used,  and  every  precau- 
tion was  taken  to  insure  fair  results.18 

As  increased  light  promotes  production,  so  dimin- 
ished light  reduces  production.  If  to  save  coal,  produc 
tion  must  be  curtailed,  it  is  an  interesting  question  if 
it  is  more  economical  to  reduce  the  lighting  and  effect 
a  small  coal  saving,  or  to  reduce  the  heating  and  effect 
a  larger  coal  saving,  or  to  close  the  plant  for  a  short 
time  and  effect  a  still  larger  coal  saving.  Whatever 
the  answer  may  be  in  a  particular  plant,  it  will  be 
found  that  but  small  coal  saving  may  be  effected  by 
curtailing  the  lighting  as  compared  with  that  which 
can  be  effected  by  other  means. 

Real  economy  in  such  case  dictates  the  use  of 
slightly  more  coal,  if  the  coal  is  available,  and  permits 
a  curtailment  of  the  lighting  only  if  the  coal  shortage  is 
such  as  to  make  it  necessary  to  accept  a  serious  falling 
off  in  production.  Many  of  the  older  industrial  plants 
and  most  of  the  small  factories  are  not  adequately 
lighted.  In  time  of  war  and  labor  shortage,  when  the 
utmost  production  from  each  worker  must  be  bad,  in- 
dustrial lighting  should  be  increased  rather  than 
decreased. 

Residence  Lighting. — In  some  rooms  which  are  used 
for  social  or  recreational  purposes,  more  light  is  used 
in  some  cases  than  esthetic  or  other  considerations  dic- 
tate. The  greater  number  of  rooms  are  underlighted. 
Modern  life  extends  the  hours  of  visual  activity  far  into 
the  night,  imposing  demands  ujK>n  our  visual  organs  which 
our  forefathers  never  encountered.  This  greater  de- 
mand, in  combination  with  inadequacy  and  misuse  oi 
light,  is  transforming  us  into  a  bespectacled  race.  The 
menace  of  poor  home  lighting  is  particularly  serious  in  the 
case  of  children,  whose  eyes,  ophthalmologists  tell  us.  are 
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more  liable  to  permanent  injury  thru  strain  involved  in 
near  vision  work  under  conditions  of  poor  illumination 
than  are  the  eyes  of  adult-.  The  conclusion  must  he  that 
considerable  saving  in  lighting  may  be  effected  in  the 
homes  by  greater  diligence  in  extinguishing  lamps  at 
times  when  they  are  not  needed,  and  by  reduction  of 
light  in  rooms  which  are  not  devoted  to  visual  activi- 
ties. Aside  from  this,  the  need  in  home  lighting  is  for 
the  use  of  more  rather  than  less  light.  Ample  light 
makes  possible  the  use  of  diffusing  safeguards  which 
with  less  light  would  be  discarded. 

Protective  Lightimj  —  In  time  of  war,  especially  in  a 
country  which,  like  ours,  harbors  so  many  enemy 
aliens,  the  guarding  of  property  which  is  important  to 
the  prosecution  of  the  war  and  to  the  welfare  of  the 
people,  is  a  necessity.  The  labor  shortage  makes  it 
difficult  to  provide  a  sufficient  number  of  guards  for 
the  purpose,  and  guard  labor  involves  large  expense. 
The  effectiveness  of  a  guard  at  night  depends  in  large 
part  upon  his  ability  to  sec  all  parts  of  the  area  en- 
trusted to  his  care.  Artificial  lighting  is,  therefore,  a 
very  important  factor  in  the  protection  of  property. 
It  alone  makes  night  guard  duty  effective.  It  makes 
effective  guarding  possible  with  fewer  guards.  It  tends 
to  deter  from  attempts  at  depredation  as  well  as  to 
make  it  possible  for  guards  to  discover  any  menace. 

The  numerous  attempts  at  interference  with  our  in- 
dustries prior  to  recognition  of  a  state  of  war  by  this 
country  led  to  some  increase  in  the  extent  of  protective 
lighting.  During  the  past  few  months  the  increase 
in  protective  lighting  has  been  rapid.  Notwithstand- 
ing this,  many  points  of  vital  importance  are  either  un- 
protected by  artificial  lighting  or  are  insufficiently  pro- 
tected. An  increase  of  a  number  of  times  in  the  amount 
of  protective  lighting  is  urgently  needed. 

Commercial  Lighting.-  Stores  of  the  better  class  em- 
ploy adequate  illumination  at  night.  In  a  few  cases  ex- 
cessive illumination  may  be  found.  (Show  windows 
are  considered  to  be  included  under  advertising  light- 
ing.) Offices  are  practically  never  overlighted,  and 
upon  the  whole  may  be  said  to  require  for  best  work, 
and  therefore  for  best  economy,  somewhat  more  light 
than  is  generally  used. 

Recreational  Lighting. — The  importance  of  recrea- 
tion at  all  times  is  generally  recognized.  Several 
forms  of  recreation  are  considered  to  be  practically  in- 
dis|>etisable.  Nevertheless,  in  times  of  emergency,  recrea- 
tion certainly  takes  a  place  secondary  to  many  other  ac- 
tivities in  which  artificial  light  is  employed.  Theatres, 
churches,  dance  halls,  etc..  generally  are  not  overlighted. 
(Signs  of  course  are  included  under  advertising  lighting.) 
Saloons  are  said  to  employ  more  light  than  is  needed. 

Advertising  Lighting. — Advertising  is  a  necessary 
factor  in  commercial  success.  Among  advertising 
methods  the  employment  of  artificial  light  holds  an  im- 
portant place.   There  are  perhaps  fewer  objections  to 
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the  elimination  or  reduction  of  advertising  lighting 
than  there  are  to  the  elimination  or  reduction  of  most 
other  classes  of  lighting,  but  curtailment  of  advertising 
lighting  works  damage  to  the  business  of  those  who  utilize 
this  form  of  advertisment  just  as  would  the  curtailment 
of  any  other  form  of  advertising.  There  are  vari- 
ous degrees  of  importance  of  advertising  lighting. 
All  the  complicated  questions  of  priority  arc  involved. 
The  only  measure  of  desirable  curtaiunent  of  artificial 
lighting  is  the  emergency  which  occasions  the 
curtailment. 

ESTIMATE  OF  PRACTICABLE  CURTAILMENT 

The  author  has  prepared  the  following  rough  esti- 
mates of  the  manner  in  which  artificial  light  is  distrib- 
uted among  the  several  classes  of  service  adopted  as  a 
classification  for  this  purpose.  There  arc  no  general 
statistics  on  this  subject.  Some  fragmentary  data  and 
the  opinions  of  several  men  engaged  in  the  lighting 
business  have  been  obtained.  It  is  to  be  emphasized, 
however,  that  these  figures  should  not  be  accepted  a9 
anything  more  than  very  roughly  approximate. 

Beside  these  figures  showing  approximate  distribu- 
tion of  lighting  among  the  several  classes  of  service  are 
figures  representing  the  consensus  of  opinion  of  twenty 
qualified  observers1'  as  to  the  extent  to  which  lighting  in 
each  class  of  service  ought  to  be  curtailed  or  increased  in 
the  present  emergency.  The  values  arc  probably  reason- 
ably indicative  of  expert  opinion  on  this  subject  at  the 
present  time. 

Agistment  ok  Illumination  which  AinmniNC  to  Expkrt 
Opinion  Oit.ht  to  be  Made  from  Staniiaros  Existing 
Htruiit  tick  War  in  View  or  the  War  and 
the  Fuel  Shortage 


Ughtinii  lervvce 

Prr«nt.  Di 
<li«n!>ulioTi  re 

lent*  p*i 

-  5 

Public  building   

  3 

—  10 

  19 

+  50 

+200 

■>■> 

—  10 

   24 

—  20 

-  40 

-  75 

-  10 

100  Net 

-  3 

In  presenting  an  advance  copy  of  this  paper  before 
the  New  York  and  Philadelphia  meetings,  the  author 
stated  that  the  consensus  presented  at  that  time  in- 
cluded all  opinions  which  had  been  received  up  to  the 
tune  of  going  to  press,  and  that  opinions  received  later 
tended  to  make  the  assignment  of  net  curtailment 
smaller  than  that  shown  in  the  advance  copy.  The 
net  curtailment  shown  in  the  preliminary  assignment 
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was  7  per  cent.*  The  present  assignment,  netting  2.9 
per  cent.,  includes  all  opinions  which  the  author  has  re- 
ceived in  response  to  his  questionnaire.  The  conclu- 
sions stated  in  the  advance  copy  based  upon  the  7  per 
cent,  assignment  are  even  more  valid  when  the  assign- 
ment has  been  made  3  per  cent. 

The  total  reduction  in  lighting  indicated  by  the  as- 
signment in  the  foregoing  consensus  is  14.4  per  cent. 
It  is  almost  counter-balanced  by  an  increase  in  light- 
ing called  for  in  industrial  and  protective  lighting  ag- 
gregating 11.5  per  cent,  of  the  whole.  This  leaves  a 
net  curtailment  of  2.9  per  cent,  or  say  3  per  cent.  It 
would  appear  to  be  equally  the  duty  of  the  members  of 
this  Society  to  seek  to  bring  about  reduction  in  light- 
ing where  it  can  be  accomplished  without  undue  disad- 
vantage and  to  seek  to  bring  about  increase  in  lighting 
where  advantages  can  be  gained.  It  is  difficult  to  say 
which  is  the  more  important.  In  any  event,  the  3  per 
cent,  net  saving  is  the  figure  which  should  enter  into 
our  calculations  of  practicable  lighting  curtailment. 

It  will  be  recognized  that  both  the  extent  of  light- 
ing and  the  level  of  illumination  intensity  in  each  class 
of  lighting  are  involved  in  this  survey.  In  protective 
lighting,  for  example,  it  is  a  more  extensive  applica- 
tion rather  than  higher  intensity  which  is  required.  In 
industrial  lighting,  on  the  other  hand,  higher  intensities 
are  deemed  advisable. 

Desirable  readjustment  of  artificial  lighting  to  meet 
war  conditions  and  to  assist  in  meeting  the  coal  short- 
age consists,  therefore,  in  eliminating  extravagant  and 
unnecessary  light,  in  eliminating  the  use  of  lighting  for 
unnecessary  periods,  in  reducing  the  intensity  in  a  few 
places,  in  increasing  the  intensity  in  a  few  classes  of 
lighting  and  in  extending  lighting  in  other  classes  of 
service. 

It  is  important  to  compare  with  the  foregoing  table 
that  which  appears  on  page  385.  This  comparison  shows 
that  in  the  opinion  of  lighting  experts,  electric  lighting 
which  to  attain  most  desirable  standards  ought  to  have 
been  increased  by  72  per  cent,  before  the  war,  ought  now 
to  be  decreased  by  3  per  cent. 


*  Assignment  of  opinions  included  in  the  advance  copy  of  the 
paper  was  as  follows : 
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COAL  SAVING  THRU  CURTAILMENT  OP 
ELECTRIC  LIGHTING 

It  has  been  shown,  page  389,  that  in  the  opinion  of 
specialists  lighting  may  be  curtailed  in  certain  classes 
of  service  to  an  aggregate  of  14  per  cent,  of  the  total 
lighting;  that  in  certain  other  classes  of  service  light- 
ing should  1  e  increased  to  an  aggregate  of  11  per  cent. ;  and 
that  there  is  therefore  a  net  desirable  curtailment  of  3 
per  cent,  which  may  be  effected  as  an  emergency  measure 
in  view  of  the  war  and  the  fuel  shortage.  If  a  propor- 
tional amount  of  coal  saving  be  assumed,  this  would  mean 
a  reduction  in  coal  consumption  of  360,000  tons  per  an- 
num.* This  is  the  maximum  extent  to  which  it  is  be- 
lieved that  the  best  interests  of  the  public  require  coal  to 
be  saved  thru  electric  lighting  curtailment.  Such  a 
saving  compares  with  other  possible  annual  savings  as 
follows : 

Total  annual  saving  which  must  be  accomplished.  50,000,000  tons' 
Saving!;  within  the  control  of  the  public — 

Xct   saving  thought  desirable  thru  curtail- 
ment of  electric  lighting   360,000  ton*" 

Saving  if  each  family  decreases  by  one  shovel- 
ful its  daily  use  of  coal    15.000,000  tons" 

Saving  by  maintaining  temperature  of  build- 
ing interiors  3e  lower,  say  67°  instead  of 

70°  F   10,000.000  tons' 

Possible  savings  not  within  control  of  the  general 
public — 

Saving  by  railroads  thru  practicable  light 

firing  of  locomotives    7.000.000  tons" 

Practicable  savings  requiring  some  time  for  con- 
summation and  not  within  the  immediate 

control  of  the  general  public— 

Hy  railroads  thru  electrification    40,000,000  tons" 

Accomplished  by  Chicago.  Milwaukee  &  St. 

Paul   Railway   thru   electrification  and 

utilization  of  water  power  on  its  Rocky 

Mountain  Division   500,000  tons" 

Hy  substitution  of  central  station  power  for 

private  plants    13,000,000  tons' 

Coal  saving  thru  lighting  curtailment  can  make 
only  a  small  contribution  to  the  total  saving  which  must 
be  effected.  That  small  saving,  however,  should  be  made 
and  to  that  end  all  means  of  reducing  consumption  for 
lighting  which  have  been  discussed  favorably  in  this 
paper  ought  to  be  practiced.  Yet  with  the  utmost  of  pa- 
triotic action  it  is  possible  for  those  engaged  in  the  light- 
ing business  and  for  the  general  public  to  accomplish 
only  an  insignificant  part  of  the  necessary  saving  thru 
such  means.  It  is  therefore  not  with  any  desire  to  dis- 
tract attention  from  the  need  for  effecting  saving  thru 
lighting  curtailment,  but  rather  in  the  hope  of  accom- 
plishing greater  savings  otherwise  that  engineers  must 
turn  their  own  thoughts  and  the  thoughts  of  the  public 
toward  other  means  of  conserving  coal.  Among  these, 
ihe  possibilities  thru  changing  the  practice  of  healing 
buildings  are  especially  imj>ortant. 

*  Seven  per  cent,  or  840,000  tons  was  estimated  in  the  advance 
copy  of  this  paper. 
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LIGHTING  CURTAILMENT 


Total  Coal  Saving  ro  be 
perfected  per  annum 


Saving  one  shovelful 
per  day  per  family 


AN  ESSENTIAL  DIFFERENCE  BETWEEN  COAL 
SAVING  THRU  LIGHTING  CURTAILMENT 
AND  CERTAIN  OTHER  COAL  SAVING 
MEASURES 

A  relatively  small  quantity  of  coal  may  be  saved 
thru  curtailment  of  electric  lighting.  This  is  accom- 
plished at  the  expense  of  a  certain  amount  of  damage  to 
business.  Most  of  it  will  fall  on  display  and  advertising 
lighting.  As  a  consequence,  the  business  of  those  who 
depend  upon  this  form  of  advertising  will  suffer.  The 
remainder  of  practic- 
able lighting  curtail- 
mcnt  will  fall  in  other 
classes  of  service  where 
its  principal  effect  may 
be  annoyance  and  in- 
convenience. In  both 
cases  the  revenues  of 
lighting  companies  and 
of  manufacturers  of 
lighting  appliances  will 
be  reduced.  The  only 
savings  in  artificial 
lighting  which  may  be 
accomplished  without 
disadvantage  to  busi- 
ness are  those  effected 
thru  the  substitution  of 
efficient  for  inefficient 
light  sourc.es,  thru  the 
use  of  good  and  efficient 

lighting  equipment  and 

thru  good  maintenance 
of  lighting  systems. 
There  can  be  no  ques- 
tion that  these  ought  to 
be  brought  about,  nltho 
they  are  not  included 
in  lighting  curtailment. 

Savings  of  coal 
thru  improved  heating 
of  buildings,  thru  the 
maintenance  of  some- 
what lower  tempera- 
tures in  buildings,  thru 
light  firing  of  railway 
locomotives,  thru  the 
substitution  of  central 
station  for  private 
plant  |>ower,  thru  the  electrification  of  railways,  etc.,  are 
savings  thru  the  elimination  of  waste  and  are  comparable 
in  this  respect  with  savings  in  the  lighting  field  which  may 
be  accomplished  thru  the  substitution  of  efficient  for  in- 
efficient light  sources.  They  arc  in  a  different  class  from 
savings  of  coal  effected  thru  lighting  curtailment. 

In  view  of  this  distinction  and  in  view  of  the  much 
greater  coal  savings  which  may  be  effected  in  other  ways, 
it  i-  to  be  hoped  that  the  relative  disadvantages  of  saving 


the  very  small  amount  of  coal  thru  lighting  curtail- 
ment and  thru  other  means  will  be  weighed  most 
carefully. 

CONCLUSIONS 

It  would  apj>ear  that  members  of  the  Illuminating 
Engineering  Society  have  two  duties  to  perform  in  the 
lighting  field  in  the  present  emergency:  (1)  They  should 
promote  the  elimination  of  waste  in  lighting;  (2)  they 
should  promote  the  use  of  more  light  in  the  industries. 

Because  but  little  coal 


TZtimvnq  67  instead 
&2  of  70"  in  buildings 


Saving  by  lighting 
curtaWment 


Total  Coal- 1917 
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and  bf  wnit  other  methods. 


can  be  saved  in  lighting, 
it  would,  appear  to  be 
incumbent  upon  them 
to  be  even  more  diligent 
in  the  elimination  of 
extravagance  and  waste 
in  order  to  accomplish 
their  part  and  to  make 
possible  the  use  of  more 
light  where  it  is  needed 
for  the  purpose  of  pro- 
moting industry.  At 
the  same  time  it  would 
appear  that  we  have  a 
doty  to  make  known 
the  facts  in  regard  to 
lighting  conditions  and 
the  relation  of  artificial 
lighting  to  coal  con- 
sumption as  well  as  to 
urge  upon  authorities 
and  public  alike,  the 
importance  of  adjust- 
ing artificial  lighting  so 
as  to  promote  the  best 
interests  of  the  country 
in  the  present 
contingency. 

General  curtailment 
of  lighting  would  be  a 
menace.  For  the  last 
eleven  years  the  Illum- 
inating Engineering  So- 
ciety has  devoted  a 
large  part  of  its  efforts 
to  promoting  good  il- 
lumination. The  re- 
search and  investigation 
of  its  members  on  the  effect  of  light  upon  the  eve ;  the  in- 
fluence of  its  technical  di>cussions  upon  design  and  in- 
stallation of  lighting  appliances;  its  popular  educational 
campaigns  in  the  fundamentals  of  good  lighting  have  re- 
sulted in  the  improvement  of  lighting  practice  especially 
in  the  more  recent  installations.  A  small  beginning  has 
been  made  toward  approximating  daylight  characteristics 
in  artificial  lighting.  The  important  feature  of  daylight 
which  we  seek  to  emulate  is  diffusion  of  light.    W  ithout 
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this  quality  daylight  intensity  would  be  unbearable.  In 
order  that  artificial  light  may  be  diffused  an  ample  supply 
must  be  produced.  If  the  quantity  of  light  were  reduced 
means  for  diffusing  it  would  !>e  discarded  and  it  would  be 
used  in  its  raw  or  crude  state.  This  would  set  back  by  ten 
years  or  so  the  development  of  the  lighting  art  which 
has  been  in  the  interest  of  the  public.  It  would  do  more, 
for  in  the  interval  much  more  brilliant  light  sources  have 
been  substituted  for  those  of  ten  years  ago.  To  remove 
light  diffusing  safeguards  would  leave  these  brilliant  il- 
luminants  exposed. 

In  the  author's  judgment,  general  curtailment  of  light- 
ing would  result  in  damaging  the  eyesight  and  impair- 
ing the  efficiency  of  our  people.  It  would  be  wise  only 
if  the  coal  shortage  should  become  so  acute  and  distinct 
that  the  impairment  to  the  human  energy  of  the  country 
would  be  preferable  to  the  small  amount  of  coal  involved. 
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APPENDIX 
CONSERVATION  IN  USE  OF  COAL 

Committee  on  Coal  Conservation 

Chamber  of  Commerce  of  the  United  States 
Riggs  Building,  Washington.  D.  C. 

Bulletin  r. 

Small  Savings  That  Coint 

To  the  Members  of  the  Chamber  of  Commerce 
of  the  I'niled  States: 
The  shortage  of  coal  for  every  day  of  the  ensuing  year 
amounts  to  about  40  ounces  or  2'/i  pounds  for  every  man, 
woman  and  child  in  the  United  States.  Great  economies  in 
the  use  of  coal  will  be  effected  by  the  factories,  the  central 
heating,  lighting  and  power  plants  and  the  railroads.  But 
small  savings  must  not  be  neglected.  Some  opportunity  is 
presented  to  every  person  every  day  to  save  coal  by  reducing 
the  consumption  of  heat,  light  or  power.  The  responsibility 
for  making  these  savings  is  widely  diffused  among  millions  of 
people.  The  aggregate  importance  of  them  is  correspondingly 
great. 

Every  ounce  of  coal  saved  is  an  outright  contribution  to 
the  nation's  war-time  need  for  fuel.  Some  persons  may  easily 
save  their  entire  u.uota  of  40  ounces  each  day.  The  following 
schedule  suggests  some  of  the  means  for  saving  small  quan- 
tities of  coal.  These  savings,  in  the  aggregate,  will  set  free 
thousands  of  tons  of  coal  for  the  industries  of  the  country,  for 
the  railroads,  for  the  navy,  and  for  the  ships  that  carry  our 
men  and  supplies  to  France. 

Conserve  Electric  Light;  electric  current  usually  comes  from 

coal.  Consult  your  dealer  as  to  the  most  economical  types 

of  lamps  suitable  to  your  conditions  and  fixtures.  A 

25-watt  lamp  used  instead  of  a  40-watt  lamp  saves  at 

least  an  ounce  of  coal  every  two  hours. 
Turn  Lights  Off  II  hen  Xot  S  eeded;  if  a  25-watt  lamp  or  an 

ordinary  gas  light  is  turned  off,  even  for  short  interval*. 

the  aggregate  saving  may  easily  lie  an  ounce  of  coal  a  day 

for  each  lamp. 

Discard  Carbon  Filament  Lamps;  substituting  a  25-watt  tung 
sten  lamp  for  a  16-candlepowcr  carbon  filament  lamp 
provide*  a  better  light  and  saves  2  or  3  ounces  of  coal 
every  day. 

Burn  Gas  in  Mantles,  Xot  in  Flat-Flame  Burners:  the  old 
fashioned  flat-flame  gas  light  burner  uses  more  than  twice 
as  much  gas  as  a  mantle  burner  giving  more  light.  Each 
mantle  burner  substituted  for  a  flat-flame  burner  will 
save  probably  not  less  than  an  ounce  of  coal  a  day. 

Use  Substitute  Fuels;  many  kinds  of  fuel  are  available  to 
supplement  the  coal  supply.  The  waste  material,  such  a« 
"hog  chips "  of  lumlier  mills,  as  well  as  brush  wood, 
broken  boxes,  corn  cobs,  etc.,  may  be  pressed  into  service. 

Attend  to  the  Lubrication  of  Machinery;  a  drop  of  oil  will 
often  save  an  ounce  of  coal.  Careful  attention  to  the 
lubrication  of  all  working  parts  of  machinery  will  save 
many  pounds  of  coal  in  the  day. 

Do  not  Super-Heat  Rooms:  observing  the  thermometer  and 
turning  off  radiators  to  hold  the  temperature  Mow 
70°  reduces  the  load  on  the  heating  plant. 

Conserve  All  Heat  and  Power;  keep  in  mind  that  every  loss 
of  heat  or  power  is  a  loss  of  coal.   A  leak  in  a  steam 
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connection  and  a  super-heated  office  room  are  alike  the 
cause  of  wasted  coal.    Keeping  a  heavy  power  unit  in 
operation  when  a  lighter  one  would  carry  the  load  wastes 
coal,  and  so  does  all  unnecessary  use  of  electric  elevators 
in  office  buildings. 
Use  H  eather  Stripping  and  Storm  Windows;  a  bit  of  weather 
stripping  about  the  door  and  the  use  of  storm  windows  in 
offices,  schools  and  all  buildings  that  are  heated,  will 
reduce  the  burden  on  the  heating  plant  and  make  effective 
a  daily  saving  of  coal. 
Discourage  Electric  Display  Illumination;  this  use  of  coal  is 
not  absolutely  necessary.    The  genius  for  advertising 
which  originated  this  excellent  method  of  display  should 
find  temporarily  other  means  of  expression.  Eliminating 
or  foregoing  an  electric  sign  may  save  tons  of  coal  a  year. 
These  methods  of  saving  heat,  light  and  power  are  not 
unfamiliar.    Everyone,  perhaps,  will  think  of  some  effective 
means  of  saving  which  is  not  included  in  this  list.    The  im- 
portant idea  to  be  impressed  on  every  person  is  that  a  great 
need  exists  for  saving  coal  and  that  even  small  savings  must 
not  be  overlooked. 

Saving  coal  is  not  always  identical  with  economy  to  the 
person  effecting  the  saving.  It  may  be  someone  else's  coal  that 
is  *aved;  or  the  time  and  expense  required  to  effect  the  saving 
may  offset  the  money  advantage.  Nevertheless,  it  is  a  patriotic 
duty  now  to  save  coal  at  any  reasonable  expenditure  of  time 
arid  material.  And  in  the  majority  of  cases,  there  will  be  a 
direct  or  indirect  advantage  to  the  person  entitled  to  the 
credit  for  the  saving. 

A  voluntary,  universal  response  to  the  call  for  saving 
coal  in  the  many  small  ways  that  present  themselves  every  day, 
will  insure  the  success  of  the  great  efforts  at  fuel  retrench- 
ment which  arc  now  being  made  in  the  industries  and  by 
central  plants. 

Committee  on  Coal  Consebvatio.v  ok  the 
Chamber  or  Commekce  or  the  United  States. 

By  Ebnest  T.  Tbiuc,  Chairman. 

Any  member  of  the  National  Chamber  that  wishes  to  dis- 
tribute copies  of  this  bulletin  can  obtain  them  by  addressing 
the  General  Secretary,  Riggs  Building,  Washington,  D.  C. 
Coal  dealers  who  supply  small  plants  should  be  in  a  very  ad- 
vantageous position  to  distribute  copies  to  their  customers. 

DISCUSSION 

President  G.  II.  Stick nev  :  When  the  United  States 
undertook  the  serious  business  of  war,  a  new  condition 
_  obtained  whereupon  war  became  the  dominating  effort 
of  the  nation,  before  which  all  other  affairs  must  yield 
more  or  less. 

Many  activities  in  the  pursuit  of  happiness  which 
were  commendable  a  year  ago  must  now  be  discontinued 
or  restricted,  lest  they  interfere  with  our  struggle  for 
victory.  Art  may  have  to  descend  from  its  pedestal  and 
many  luxuries  be  dispensed  with  until  the  "  monster  "  is 
conquered. 

In  this,  lighting  is  no  exception.  On  the  other  hand, 
it  must  be  recognized  that  all  lighting  is  not  on  a  par. 
There  are  many  applications  in  which  the  country's  in- 
terest will  permit  of  no  curtailment,  but  may  actuallv 
demand  extension. 

Light  is  an  important  factor  in  warfare  as  well  as  in 
manufacture,  transportation  and  other  activities  in  sup- 
port of  the  war. 

While  the  Illuminating  Engineering  Society  is  inter- 


ested in  developing  the  lighting  art,  it  has  recognized 
that  this  aim  must  be  subordinated  to  the  one  essential 
of  winning  the  war. 

The  Society  has  been  particularly  fortunate  in  finding 
opportunities  of  serving  the  Government  efficiently,  and 
in  this  connection  is  indebted  to  the  National  Committee 
on  das  and  Electric  Service. 

Mr.  Millar,  as  Chairman  of  the  War  Service  Commit- 
tee, has  organized  and  directed  sonic  of  the  most  im- 
portant service  which  we  have  rendered.  In  fact,  this 
meeting  was  arranged  for  the  purpose  of  contributing  to 
that  service  by  patriotically  bringing  out  valuable  facts 
and  opinions  regarding  the  relation  of  lighting  to  the  war 
problem  of  fuel  conservation. 

John  W.  Lif.r:  The  committee  which  1  have  the 
honor  to  represent,  the  National  Committee  on  Gas  and 
Electric  Service,  is  fortunate  in  having  among  the  vari- 
ous national  societies  cooperating  with  it,  the  Illuminat- 
ing Engineering  Society,  and  I  wish  at  this  time  to  take 
the  opportunity  of  expressing  the  appreciation  of  our 
Committee  for  the  effective  cooperation  rendered  by  the 
Illuminating  Engineering  Society,  and  the  readiness  and 
enthusiasm  with  which  the  members  of  your  Commit- 
tee on  War  Service  responded  to  the  repeated  calls  which 
were  made  by  various  departments  of  the  United  States 
Government  through  our  National  Committee,  and  which 
were  passed  on  to  this  Society. 

The  subject  which  has  been  presented  in  Mr.  Millar's 
paper  was  one  which  was  brought  to  the  attention  of  the 
National  Committee  on  Gas  and  Electric  Service  at  a 
very  early  stage  of  its  work.  Soon  after  the  organiza- 
tion of  the  Committee  on  Coal  Production  of  the  Council 
of  National  Defense,  a  number  of  communications  were 
sent  to  that  committee,  calling  attention  to  various  phases 
of  fuel  conservation,  and  various  ways  in  which  waste 
could  be  eliminated,  and  economies  in  the  use  of  coal 
undertaken.  I  wish  to  present  one  or  two  letters  in  that 
connection,  and  I  do  so  for  the  purpose  of  showing  the 
attitude  which  the  public  utility  coni|>anies— the  electric 
lighting  companies— took  on  this  general  question,  and 
more  especially  on  the  question  of  sign  lighting,  which 
was  the  phase  of  fuel  conservation  first  brought  forward. 

The  first  reference  appears  in  a  letter  which  the  Na- 
tional Committee  directed  to  an  inquirer  who  sent  a  com- 
munication to  Washington.  This  letter  bears  the  date  of 
July  24,  1917.  After  the  introduction,  these  statements 
appear : 

This  subject — (referring  to  the  large  amount  of  coal  that 
was  said  to  be  wasted  in  electric  signs) — has  been  discussed 
to  some  extent  in  the  public  press,  and  being  a  subject  that 
makes  visual  appeal  to  a  large  number  of  people,  it  should  be 
given  very  careful  consideration.  The  prevalent  public  opin- 
ion, that  these  display  signs  of  various  kinds  represent,  thru 
the  energy  they  consume,  a  very  large  amount  of  coal,  is 
quite  without  foundation.  Statistics  obtained  from  a  number 
of  our  large  cities  indicate  that  electric  signs  and  special  white- 
way  lighting  of  all  kinds  represent  combined  a  consumption 
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of  electric  currents,  amounting  in  various  cities,  to  from  OJ  per 
cent,  to  a  maximum  of  i  per  cent,  of  the  total  output  of  the 
power  houses,  a  fair  average  being  probably  0.0  per  cent. 

"  To  eliminate  the  use  of  this  display  lighting  would,  how- 
ever, result  in  a  saving  of  coal  in  a  lesser  proportion,  and  the 
actual  saving  would  probably  be  less  than  one-half  of  I  per 
cent.  The  reason  of  this  relatively  small  energy  consumption 
and  consequent  saving  is  due  to  the  fact  that  the  lamps  used 
arc  tungsten  lamps  of  the  very  smallest  sizes,  consuming  only 
7'i  to  10  watts  each,  or  approximately  100  to  130  lamps  to 
the  kilowatt.  It  appears  to  the  public,  therefore,  that  coal 
is  being  consumed  waslefully  and  money  expended  unneces- 
sarily to  a  far  greater  extent  than  is  actually  the  case. 

"  It  is  true,  however,  that  the  uninformed  public,  observ- 
ing this  resplendent  display,  may  consider  that  it  is  incon- 
sistent for  the  public  authorities  to  urge  economy  and  con- 
servation of  our  resources  while  the  attention  of  the  people  is 
nightly  riveted  to  what  appears  to  them  to  be  a  display  of 
extravagance  and  waste. 

"  There  arc,  however,  other  points  of  view  which  should 
be  taken  into  consideration.  The  smaller  electric  sign  in 
front  of  the  individual  store  is  an  appealing  form  of  advertis- 
ing attraction  to  the  small  merchant,  who  finds  it  impracticable 
to  make  use  of  the  columns  of  the  daily  press.  Shutting  off 
of  display  lighting  would  he  a  serious  disadvantage  to  the 
small  merchant. 

"  Again,  in  our  large  cities  this  '  white  way  1  lighting  of 
various  kinds  forms  one  of  the  attractions  of  our  great  centers 
of  population,  brings  strangers  and  visitors  to  them,  and  con- 
stitutes a  welcome  diversion  to  the  volunteer  or  recruit  who 
may  be  awaiting  his  call  for  military  service. 

"  It  has  been  the  experience  abroad  that  cheerful  sur- 
roundings and  a  certain  amount  of  gayety  have  a  very  favor- 
able effect  on  the  convalescence  of  the  wounded  soldiers,  while 
gloomy  surroundings  have  a  depressing  and  unfavorable  effect. 
It  is  lor  this  reason  that  our  Allies  have  found  it  necessary, 
while  prohibiting  street  illuminations  and  display*  in  order 
not  to  attract  hostile  air  crait,  to  maintain  theatres,  moving 
picture  shows  and  other  forms  of  entertainment  to  help  cheer 
up  the  soldier  on  leave  of  absence  and  make  enjoyable  his 
short  stay  in  '  blighty.'  It  would  appear,  therefore,  that  the 
situation  is  one  of  psychology  rather  than  of  economy,  one 
of  impression  than  of  notable  waste. 

"  In  making  a  decision,  therefore,  as  to  the  wisdom  or 
desirability  of  eliminating  this  'white  way'  lighting,  all  of 
these  points  of  view  must  be  taken  into  account. 

"  If  it  should  appear  important  to  the  national  or  municipal 
authorities  in  the  public  interest  to  eliminate  this  display  light- 
ing. I  feel  very  sure  that  the  lighting  and  power  companies 
would  cooperate  in  every  practicable  way  toward  ibis  end 
They  would  not  allow  the  effect  on  the  revenue  that  would 
result  from  cutting  off  this  consumption  to  stand  in  the  way  of 
accomplishing  an  important  public  purpose  if  it  should  appear 
that,  taking  everything  into  consideration,  it  was  important 
in  the  public  interest  to  eliminate  even  the  appearance  of 
waste  or  extravagance." 

1  wish  also  to  read  resolutions,  which  were  adopted 
l>y  the  National  Committee  on  Gas  and  Fleet  ric  Service, 
and  tiled  with  the  Fuel  Administrator,  Dr.  Garfield,  under 
date  nf  November  1,  1917,  which  I  think  clearly  set  forth 
the  attitude  of  the  central  stations  of  the  country  toward 
this  subject. 

Whimi  as.  Under  the  extraordinary  conditions  arising  out 
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of  the  state  ot"  war,  the  public  is  visually  impressed  by  the 
apparent  waste  of  fuel  which  it  believes  to  be  involved  in  the 
lighting  of  the  electric  display  signs,  so  conspicuous  a  feature 
of  the  life  of  our  larger  cities,  notwithstanding  the  fact  that, 
even  in  the  aggregate  throughout  the  country,  this  service 
requires  the  consumption  of  an  inconsiderable  percentage  of 
the  total  coal  required  for  the  operation  of  electric  power 
plants  generating  electrical  energy;  and 

Whkrras.  The  continued  use  of  such  electric  signs  appa- 
rently renders  more  difficult  of  consummation  the  efforts  being 
made  by  the  national  authorities  to  urge  the  public  to  con- 
serve and  economize  in  the  consumption  of  all  the  neces- 
saries of  life  and  the  elimination  of  all  waste  and  extravagance, 
real  and  apparent,  in  the  use  of  the  commodities  essential  to 
our  nation  and  its  allies  in  the  successful  prosecution  of  the 
war;  and 

Whkmsas.  Exterior  display  lighting  of  the  different  kinds  is 
of  varying  degrees  of  necessity  and  importance  to  the  gen- 
eral public  and  to  the  business  communities  in  which  it  is 
operated,  depending  upon  the  immediate  purpose  which  it 
serves;  and 

Whkrkas,  If  and  when  the  national  authorities  decide 
that  the  time  has  arrived  when  it  shall  appear  to  them  to  be 
necessary  in  the  national  interest  and  for  the  purpose  of  im- 
pressing on  the  people  the  importance  of  avoiding  all  waste 
and  extravagance,  to  call  public  attention  to  the  necessity  of 
practicing  economy  in  the  use  of  fuel  in  industries,  in  the 
factory  and  in  the  homes  of  the  people,  they  should  then 
issue  a  pronouncement  to  the  people  of  the  foiled  States  re- 
questing them,  under  the  supervision  and  direction  of  the 
proper  State  and  municipal  authorities,  to  limit  the  use  and 
operation  of  advertising,  billboard  and  display  signs,  exterior 
publicity  lighting  and  special  ornamental  street  lighting  of 
every  kind,  to  that  which  is  important  and  necessary  lor 
the  convenience  and  safety  of  the  public  and  for  the  proper 
conduct  of  the  various  business  and  commercial  enterprises 
in  the  respective  communities,  and  to  render  effective  their 
cooperation  in  this  work,  be  it  therefore, 

Kctohxd,  That  the  public  utility  companies  thruout  tlie 
United  States  thru  their  organizations,  the  National  Commit- 
tee on  Gas  and  Electric  Service,  of  the  Council  of  National  De- 
fense, representing  the  gas  companies— manufactured  and  na- 
tural gas  the  electric  light  and  power  companies,  the  water 
works  companies  and  the  central  steam  heating  companies 
thruout  the  country,  pledge  their  hearty  support  and  coopera- 
tion to  the  national  authorities  in  carrying  out  any  plan  or 
regulation  for  the  saving  of  fuel,  gas,  oil,  or  electricity  which 
the  national  authorities  in  the  public  interest  may  consider 
it  necessary  to  adopt,  as  a  war  measure. 

In  this  question  of  the  suppression  or  limitation  of  the 
use  of  electric  signs,  the  public  utility  companies  have 
been  placed  in  a  somewhat  difficult  position.  On  the  one 
hand,  it  is  undeniable  that  the  central  station  companies 
had  for  years  past  made  every  effort  to  stimulate  thai 
appealing  form  of  advertising— a  form  which  was  at  the 
same  time  an  advertisement  lor  the  customers,  an  ad- 
vertisement for  the  central  station  company,  ami  an  ad- 
vertisement for  the  general  public.  For  the  lighting  com- 
panies to  have  indicated  an  attitude  of  indifference  to 
the  welfare  of  this  class  of  business,  which  it  had  done 
so  much  to  stimulate,  would  have  been,  from  the  stand- 
point of  the  sign  customer  and  the  sign  manufacturer,  an 
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unfair  and  an  unwarranted  attitude.   On  the  other  hand,  that  there  was  no  moon,  but  I  would  take  exception  to  the 

a  disregard  of  the  appeal  that  it  was  an  obvious  thing  to  statement  that  street  signs  are  an  essential  part  of  street 

do  to  place  electric  signs  under  limitation,  would  have  lighting.    Let  me  quote  from  a  recent  article  on  sign 

placed  the  central  station  companies  in  the  unpatriotic  lighting: 

attitude  of  having  a  greater  regard  for  the  maintenance         ..The  bjg  va)ue  of  i|h|minatc(|  5;Rns  t„  any  community 

of  revenues  than  for  the  national  welfare.    This  difficult  ,ies  in  thcir  wondcrfu|  brightening,  boosting,  and  cheering 

phase  of  the  situation  made  it  necessary,  and  I  may  say,  influence.    Compare  any  two  towns  with  and  without  these 

desirable,  for  the  central  station  companies  to  come  out  signs.  The  one  is  alive,  while  the  other  is  dead," 
with  such  a  pronouncement  as  has  been  read  to  yon  this        This  is  quite  true  and  any  protest  must  seem  rcac- 

evening,  in  order  to  go  on  record,  that  their  purposes  in  tionary,  but  let  us  substitute  "  asleep  "  or  "  resting  "  for 

this  matter  were  entirely  patriotic— that  it  was  a  national  "  dead  "  and  the  conservative  has  at  least  a  fair  ground 

question  for  the  national  government  to  handle,  and  that  to  stand  on.   One  might  as  well  raise  one's  voice  against 

the  attitude  of  the  companies  was  in  no  wise  one  of  selfish  the  profusion  of  the  daily  press,  an  equal  embarrassment 

intcre-t.  but  was  the  broad  one  of  a  national  purpose,  of  riches,  which  grows  by  the  needs  it  creates;  yet  there 

which  they  were  most  anxious  to  serve.  arc  some  who  feel  that  true  philosophy  and  enjoyment 

Many  times  the  question  has  been  asked:  "What  of  life  are  not  furthered  in  these  ways, 
actual  coal  saving  has  resulted   from  the  '  Iightless  '         In  general  terms  these  may  be  taken  as  the  feelings 

nights?  "    In  the  communication  which  I  read  a  moment  of  a  silent,  perhaps  a  sleeping  fraction  of  the  commun- 

a^o  the  anticipated  saving  was  stated  on  the  assumption  ity,  tho  not  a  dead  one.  based  on  two  main  points: 
that  all  exterior  illumination  would  be  dispensed  with.         1.  That  exaggerations  of  all  kinds  are  stimulations 

The  actual  saving  which  has  been  accomplished  is  very  which  lead  to  reactions  of  various  kinds,  chiefly  nervous, 

difficult  of  determination.   In  these  times  central  stations  which  arc  apt  to  become  abnormal,  and 
must  use  coal  of  poor  quality,  resulting  in  variations  in        2.  That  the  lure  of  the  streets  and  public  places  is 

consumption  from  day  to  day  ranging  up  to  10  and  15  per  putting  an  end  to  what  was  once  an  asset  of  our  country, 

cent.    I'ndcr  these  conditions  the  difficulty  will  be  evi-  the  home  life,  the  contentment  with  simpler  pleasures, 
dent  of  locating  a  saving  of  say  '/i  per  cent,  due  to  elim-         These  excesses,  if  they  really  arc  evils  and  not  phases 

ination  of  sign  lighting.  of  social  evolution,  are  inseparable  from  all  material 

Referring  to  the  recent  five  days  of  curtailed  in-  prosperity  and  must  be  accepted,  but  it  does  rest  with 
du-try.  it  may  be  said  that  in  general  the  reduction  in  you  gentlemen  to  so  lead  and  moderate  the  public  de- 
coal  consumption  through  the  lesser  Use  of  light  and  inand  that  the  esthetic  and  the  hygienic  ideals  shall  not 
[x>wer  was  of  the  order  of  25  per  cent.    The  reduction  be  forgotten. 

on  Monday  under  the  regulations  of  the  Fuel  Adminis-         A  great  deal  more  mi^ht  be  said  regarding  the  ef- 

tration  has  approximated  35  per  cent.  fects  of  Itght,  perfect  though  it  may  be  and  simulating 

I  wish  to  say,  in  closing,  that  the  Illuminating  Kngin-  to  the  closest  degree  jMissible,  in  distribution  and  quan- 

ccring  .Society,  as  well  as  every  otl:er  phase  of  technical  tity,  the  daylight,  under  which  the  eye  has  evolved;  but 

and  professional  engineering  activity,  has  an  important  the  eye  has  not  been  adapted  to  use  during  eighteen  hours 

work  to  do,  ami  1  feel  very  sure  that  the  Illuminating  a  day  under  the  stimulation  of  working  conditions,  and 

Engineering  Society  will  continue,  as  it  has  in  the  past,  although  it  may  stand  the  strain,  our  nervous  resistance 

to  respond  with  enthusiasm  to  the  call  which  is  being  seems  less,  and  the  first  sign  of  fatigue  is  excessive  irri- 

constantly  made  to  an  increasing  extent,  by  the  national  lability  and  what  may  seem  to  be  increased  efficiency, 

government  for  aid  and  as-ist;mce  in  solving  some  of  but  which  is  in  reality  the  beginning  of  exhaustion  or 

these   momentous   problems   which   are   now   pressing  at  least  of  diminished  resistance. 

up™  it.  We  are  living,  not  only  at  this  moment,  but  in  this 

W.  Cl  ii  kk:    I  have  heard  Mr.  Millar's  paper  with  age,  under  a  stress  for  which  we  have  not  yet  become 

much  intercut  and  can  only  add  my  approval  to  the  main  adapted,  and  much  of  the  hysteria  and  well  recognized 

thois.  that  artificial  illumination  has  become  indispen-  nervous  reactions  called  neuroses  and  psychoses  are  sim- 

sable  for  the  increasing  complexity  of  the  night  work,  ply  our  reactions  to  our  environment  and  the  effect  of 

and  granting  that  the  ever  growing  complexity  of  life  the  stimuli  with  which  we  are  surrounded.  Competition, 

is  inevitable,  more  light  rather  than  less  is  needed  in  fac-  which  has  made  the  night  work  necessary,  accompanied 

tories.  printing  offices  and  other  places  where  fine  work  by  the  sensory  stimuli  to  the  eye  and  car,  as  well  as  to 

must  be  done  under  difficulties.  the  palate,  is  blinding  us  to  a  true  comprehension  of  our 

With  regard  to  the  streets,  one  would  not  wish  to  go  relations  to  our  environment,  and  shortening  our  perspec- 

back  to  the  days  I  remember  in  New  England,  where  the  live  dangerously. 

street  lamps  were  lighted  when  the  almanac  declared         I  feel  that  this  statement  may  be  considered  quite  out 
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of  place  in  a  discussion  of  an  economic  question,  anil  I 
offer  my  apologies  for  taking  your  time,  but  even  though 
the  saving  of  light  is  not  of  great  importance,  as  Mr. 
Millar  has  stated,  as  a  matter  of  economy  of  resources, 
it  may  be  of  value  as  a  means  of  saving  energy  and  as 
the  beginnings  of  the  return  \p  a  simpler  mode  of  life 
in  which  mankind  will  not  be  less  happy. 

The  changes  to  which  the  present  generation  has 
had  to  adjust  itself  are  marvelous  and  it  is  those  who  ex- 
perience the  transition  who  pay  the  price.  Most  that  the 
increased  flood  of  light  has  given  us  is  in  the  highest 
degree  lxMieficial,  but  it  has  quickened  the  pace  and  the 
pulse  of  life  and  there  are  some  who  will  not  keep  up. 
I  speak  as  a  physician. 

I  have  watched  with  much  interest  the  careful  way 
in  which  your  Committee  on  Lighting  Legislation  has 
dealt  with  the  difficult  problems  of  factory  and  school 
lighting,  and  it  is  reassuring  to  know  that  these  important 
questions  are  in  such  hands.  It  is  the  children  and  the 
working  classes  whose  conditions  have  been  most  un- 
favorable in  the  past  and  it  is  good  to  think  that  the  boon 
of  light,  under  the  efficient  control  of  this  Society,  is  mak- 
ing their  difficult  growth  and  work  easier  and  safer,  and  it 
is  self-evident  that  curtailment  along  these  lines  would 
be  little  short  of  criminal. 

M.  G.  Li.r>vn:  With  thousands  of  people  suffering 
from  the  cold  and  with  the  manufacture  of  munitions 
of  war  interrupted  as  they  have  been  in  recent  weeks, 
I  feel  that  any  consideration  of  interference  of  business 
in  connection  with  this  matter  must  not  be  regarded  as 
important.  As  a  prominent  representative  of  the  cen- 
tral station  industry  has  said  to-night,  that  industry 
would  probably  not  lay  great  stress  upon  this  phase  of 
the  question. 

In  trying  to  save  fuel,  however,  the  human  eye  ought 
not  to  be  sacrificed.  Suffering  from  cold  is  usually  tem- 
porary and  soon  forgotten,  but  if  the  eye  meets  with  a 
deformity  it  will  probably  never  become  normal  again, 
and  we  know  that  the  eyes,  especially  those  of  children, 
are  likely  to  become  deformed  through  the  strain  brought 
about  by  insufficient  illumination. 

W  hen  we  consider  the  use  of  electric  light  in  adver- 
tising, however,  the  question  of  impairment  of  vision  is 
not  usually  involved.  Most  of  us  will  agree  that  it  is 
justifiable  to  temporarily  discontinue  this  use  of  electric 
current  in  the  interest  of  saving  fuel.  It  does  seem, 
however,  like  saving  at  the  spigot  while  wasting  at  the 
bunghole.  Wherever  I  go  I  am  impressed  with  the 
waste  of  fuel  for  heating  purposes.  When  riding  in 
railroad  trains  the  cars  are  frequently  overheated.  In 
visiting  the  apartment*  of  my  friends  I  find  them  over- 
heated. We  arc  meeting  in  an  overheated  room  to-night. 
The  thermometer  on  the  wall  indicates  74'  which  we  can 
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probably  all  agree  is  too  high  for  either  health  or  com- 
fort. Not  only  are  residences  and  other  buildings  over- 
heated, but  coal  is  used  very  inefficiently  in  them.  Much 
coal  passes  through  the  furnaces  without  being 
consumed  and  the  heat  actually  developed  is  used 
inefficiently. 

In  industrial  plants  we  have  a  condition  which  is 
probably  not  quite  so  l>ad,  but  which  is  in  dire  need  of 
improvement.  Kvery  mechanical  engineer  who  has 
looked  into  the  proposition  knows  that  the  average  power 
plant  is  not  0|>erated  efficiently  and  docs  not  operate 
with  the  economy  of  fuel  which  engineers  know  how  to 
obtain.  An  exception  to  this  statement  should  probably 
be  made  in  the  case  of  the  power  plants  of  the  big  utility 
companies  and  a  few  power  plants  of  industrial  con- 
cerns. Many  private  power  plants,  however,  are  open 
to  severe  indictment  on  this  score,  as  brought  out  by  Mr. 
Myers  in  his  recent  article.*  He  and  other  engineers  who 
have  socialized  on  this  subject  do  not  hesitate  to 
make  the  statement  that  a  quarter,  or  perhaps  a  third, 
of  the  fuel  used  in  the  average  power  plant  to-day  could 
l>e  saved  if  it  were  operated  to  the  best  advantage  and  as 
our  best  engineers  know  how  to  o|>crate  it.  lie  men- 
tioned one  big  steel  plant  where  by  suitable  management 
40.000  tons  of  coal  could  be  saved  annually.  When  we 
consider  the  total  consumption  of  coal  in  the  industrial 
power  plants  of  the  country,  if  the  same  ratio  would 
obtain  it  means  that  wc  could  save  more  than  enough 
coal  to  make  up  the  estimated  shortage.  To  put  it  in 
other  words,  coal  representing  the  capacity  of  1,500,000 
coal  cars  could  be  saved  annually  if  the  fuel  were  used 
with  an  efficiency  which  we  know  how  to  obtain. 

It  seems  very  evident  that  while  saving  at  the  spigot 
wc  should  also  save  at  the  bunghole.  I  should  like  to 
see  the  Fuel  Administration  conduct  a  campaign  along 
the  same  lines  as  that  of  the  Food  Administration,  and 
bring  home  to  every  power-plant  operator  and  to  every 
citizen  who  operates  a  furnace  on  his  premises  the  neces- 
sity of  making  the  best  use  of  the  fuel  which  he  con- 
sumes. There  have  been  recommendations  for  use  of 
weather  stripping,  storm-windows,  etc.,  and  we  have 
probably  all  heard  the  suggestion  with  respect  to  saving 
a  shovelful  of  coal  per  day,  but  such  suggestions  have 
not  been  driven  home  to  the  people  as  have  been  the  ad- 
monitions of  the  Food  Administration.  If  they  were  I 
think  they  might  be  much  more  effective.  W:hat  we  need, 
however,  is  not  merely  an  admonition  to  save  a  shovel- 
ful of  coal,  but  people  must  be  told  how  to  save  that 
shovelful,  and  then  we  might  cx|>cct  them  to  get  some 
results. 

In  the  paper  by  Goodman  and  Jackson  which  the 
author  has  referred  to.  the  statement  was  made  that 
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the  coat  being  received  by  the  power  plants  for  con- 
sumption is  not  of  as  good  quality  as  that  received  pre- 
vious to  the  war.  From  my  own  observation  I  should 
say  that  the  same  is  true  of  the  coal  now  being  used 
for  other  purpose*.  Residents  in  my  own  neighborhood 
have  had  coal  delivered  to  them  of  such  a  quality  that 
it  was  impossible  to  burn  it  in  an  ordinary  furnace. 
In  some  cases  it  was  nothing  but  dust  or  slack.  In  other 
cases  there  was  a  large  proportion  of  slate  or  other 
foreign  matter  in  it.  The  coal  operators  have  frequently 
been  reported  to  have  said,  and  I  have  seen  the  state: 
mciit  made  by  the  Secretary  of  the  Coal  Operators'  As- 
sociation, that  the  difficulty  in  this  winter's  situation  has 
not  been  at  the  coal  mines.  The  miners  have  been  able 
to  produce  enough  coal,  but  the  coal  could  not  be  trans- 
fwrtcd  to  the  consumer.  Lack  of  transportation  facili- 
ties has  been  the  principal  difficulty  and  the  source  of 
the  break-down. 

If  this  is  true  there  is  no  excuse  for  shipping  such 
poor  grades  of  coal  around  the  country  and  congesting 
the  railroad  facilities  which  ought  to  be  better  employed 
than  by  sending  material  to  the  consumer  that  cannot  be 
burned.  If  some  control  were  exercised  by  the  Fuel 
Administration  or  by  some  other  authority  over  the 
grade  of  coal  that  was  shipped,  undoubtedly  a  good  part 
of  the  actual  shortage  could  be  eliminated.  There  might 
be  an  excuse  for  poor  quality  in  coal  if  poor  quality 
were  essential  to  getting  sufficient  coal  out  of  the  mine, 
but  with  the  mines  able  to  produce  more  coal  than  can 
be  transported  1  cannot  see  that  there  is  any  excuse  for 
shipping  the  lowest  grades  of  coal.  It  looks  like  a  case 
oi  pure  profiteering. 

Goodman  and  Jackson  estimated  that  the  increased 
consumption  due  to  poor  quality  was  10  per  cent.  Let 
tis  suppose  that  this  applies  to  the  entire  coal  output  of 
the  country.  Using  the  figures  given  in  the  paper,  this 
gives  an  additional  consumption  of  64,000.000  tons, 
which  is  more  than  the  estimated  shortage.  Here  then 
-ccms  to  be  another  point  where  a  decided  improvement 
could  he  made.  If  this  vast  waste  on  a  large  scale  could 
be  eliminated,  the  little  saving  that  is  accomplished  by 
cutting  down  the  amount  of  electric  light  would  be  en- 
tirely unnecessary. 

Frank  \V.  Smith  :  1  hope  it  will  be  possible,  through 
the  medium  of  this  Society  and  other  proper  channels, 
to  give  this  presentation  wide  publicity.  I  was  interested 
in  Mr.  Lieb's  statement  as  to  the  New  York  Fuel  Ad- 
ministrator's activities  in  the  matter  of  coal  conserva- 
tion. The  local  gas  and  electric  lighting  companies  were 
early  called  into  conference  with  the  State  Fuel  Admin- 
istrator, and  the  cooperation  of  the  companies  was  asked 
in  the  matter  of  suggested  methods  for  the  saving  of 
fuel.  Suggestions  were  made  by  the  sub-committee  ap- 
pointed from  the  representatives  of  the  local  companies, 
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that  included  a  number  of  the  suggestions  set  forth  in 
Mr.  Millar's  paper. 

The  "  lightless  nights  "  together  with  the  restrictions 
on  window  lighting,  etc.,  were  decided  upon  by  the  Fuel 
Administrator  largely.  I  think,  from  the  psychological 
point  of  view.  At  the  request  of  the  local  administrator, 
the  gas  and  electric  lighting  companies  sent  to  their  con- 
sumers, 1,700,000  in  number,  a  communication  pointing 
out  the  necessity  of  economy  in  the  use  of  light,  and 
attracting  attention  to  other  methods  of  saving,  several  of 
which  arc  mentioned  in  Mr.  Millar's  paper.  This  card 
was  printed  and  circulated  by  the  companies  at  their 
own  expense.  The  suggestions  included  the  following: 
burn  fewer  lights— turn  lights  off  when  not  needed— burn 
gas  in  mantles,  not  in  flat-dame  burners — maintain  a 
temperature  not  exceeding  68  ,  etc. 

There  is  an  important  item  of  which  brief  mention 
is  made  in  the  paper,  that  is,  the  question  of  the  use  of 
inefficient  incandescent  lamps.  It  is  important  to  point 
out  that  of  the  145,000.000  lamps  sold  in  the  United 
States,  during  1916,  more  than  16  per  cent,  were  of  the 
carbon  and  Gem  type.  A  very  material  saving  in  fuel 
would  result  from  the  substitution  of  more  efficient 
tamps.  Some  central  station  companies;,  although  but 
few,  are  still  using  the  carbon  type  of  tamp.  The  Lamp 
Committee  of  the  National  Electric  Light  Association 
has  addressed  itself  to  this  subject  during  the  past  year 
and  has  in  preparation  further  publicity  on  the  subject. 

Lous  Hell:  We  must  approach  this  question  with 
the  realization  that  we  are  facing  a  great  national  crisis 
— by  far  the  greatest  in  our  history.  We  are  in  the  war 
of  the  ages— to  stay  in  it  until  it  is  won— and  we  have 
got  to  make  every  move,  to  make  every  sacrifice,  with- 
out whimpering,  until  that  end  is  attained.  Now,  in  this 
matter  of  the  saving  of  light,  1  am  sure  every  man  in  this 
room,  engineer  or  representative  of  a  central  station, 
will  do  all  he  can  to  see  that  the  use  of  light  is  economized, 
first,  last,  and  always,  so  far  as  it  is  important  for  the 
saving  of  fuel,  and  so  far  as  that  saving  does  not  inter- 
fere with  his  country's  efficiency.  Mr.  Millar  has  shown 
us,  with  admirable  clearness,  how  petty  and  small  and 
silly  some  of  the  attempts  at  curtailment  look.  They 
arc  not  the  real  thing.  They  are  only  camouflage  of  the 
most  foolish  kind.  A  little  can  be  saved  here,  a  few  tons 
here,  a  few  tons  there,  but  nothing  important  as  yet. 
The  time  may  come  when  we  shall  have  to  save  light  for 
the  sake  of  giving  power  for  making  munitions.  When 
that  time  comes,  we  will  give  up  the  light,  and  turn  the 
power  into  motors,  and  do  it  thankfully.  The  main  thing 
is  efficiency,  right  now,  here  and  always. 

What  our  Fuel  Administration  should  do  is  to  drive 
hard  at  the  things  that  have  been  mentioned  here — at 
the  unnecessary  wastes— at  the  wastes  which  are  un- 
necessary in  each  individual  home  and  at  the  wastes  which 
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are  unnecessary  and  inexcusable,  in  the  keeping  up  of 
business  which  has  nothing  whatever  to  do  with  driving 
forward  to  our  great  end.  An  eminent  friend  of  mine,  a 
chemical  engineer,  made  a  careful  study  a  few  years  ago,  as 
to  the  amount  of  fuel  which  is  absolutely  wasted  by  in- 
efficient and  useless  combustion— wasted  in  the  stove  or 
the  furnace;  and  from  a  very  thorough  and  exhaustive 
sampling  of  contents  of  ash-cans,  he  made  out  that  the 
waste  of  fuel,  through  absolutely  ineffective  combustion, 
through  foolish  extravagance,  in  inefficient  heating  ap- 
paratus, amounted  to  more  than  20  per  cent.  That  is 
more  than  all  the  savings  wc  have  got  to  make,  and  that 
waste  occurs  every  day  in  ranges  and  furnaces  all  over 
the  country.  Now  if  you  stop  to  think  what  the  average 
range  and  furnace  takes  in  the  matter  of  fuel,  you  will 
very  easily  reckon  that  the  saving  which  could  be  made 
simply  by  decent  and  economic  use  of  the  fuel,  which 
we  now  throw  away,  would  be  more  than  enough  to  light 
every  house  that  has  to  be  lighted  in  this  country.  The 
waste  in  the  actual  average  household  per  day  is  enough 
if  burnt  under  the  boilers  of  a  central  station  to  take 
care  of  the  lighting  of  that  house,  and  probably  an- 
other besides.  And  so,  what  we  wish  our  Fuel  Admin- 
istration would  do,  before  it  turns  to  the  central  stations, 
to  ask  them  to  curtail  the  output,  or  simultaneously  with 
that  demand — for  wc  are  willing  to  take  our  medicine 
with  the  rest  is  that  il  should  get  after  the  evident  and 
clear  waste. 

The  central  stations  of  the  country,  which  are  willing 
to  bear  their  burdens  manfully,  are  all  regulated  indus- 
tries. Their  prices  and  their  n  anuers  and  morals  are 
strictly  under  governmental  com  ml,  and  1  think  that 
they  have,  therefore,  a  right  to  ask  that  the  government 
should  take  other  things  under  its  cotitrol  before  it  puts 
the  screws  on  those  who  are  willing  to  stand  by  it.  That 
is  the  only  complaint.  I  think,  that  the  central  station 
industry  has  to  make.  These  are  times  when  the  utmost 
efforts  of  the  government  should  be  spent  in  suppressing 
those  who  are  wasteful!}'  and  wilfully  throwing  away  the 
resources  of  the  country  and  striving  to  make  personal 
profit  out  of  the  necessities  of  a  national  crisis. 

It  was  the  head  of  a  large  corporation  doing  govern- 
ment work,  who  only  vesterday  responded  to  a  Senator 
of  the  United  States,  when  he  was  faced  with  the  $6,000.- 
000  profit  that  he  expected  to  make,  "  ( Hi  well,  one  can't 
run  a  corporation  on  patriotism."  Well,  what  1  want 
to  impress  here,  and  I  Itelieve  every  man  in  this  room 
will  agree  with  ntc.  is  that  if  the  time  conies  for  us  to 
make  answer,  it  will  be.  "  In  time  of  iu  rJ.  .vc  will!  " 

W>t.  A.  Di'Kc.tv:  Isn't  this  entire  question  of  cur- 
tailing the  use  of  light  simply  one  more  case  of  the  olv 
vious  expedient?  Of  the  three  necessities,  heat,  power 
and  light,  rooted  directly  in  our  lamentably  diminished 
coal  pile,  but  one.  light,  is  visible.    To  the  legislator  or 


administrator  caught  unprepared  in  a  crisis  and  under 
the  American  compulsion  to  do  something  quickly,  re- 
striction of  the  visible  consumer  no  doubt  appears  the 
obvious  first,  step. 

Two  per  cent,  of  the  fuel  consumed  is  utilized  largely 
in  the  most  efficient  heat  transforming  devices  our  engin- 
eers have  been  able  to  develop  and  under  the  direct  su- 
{wrvision  of  fuel  consumption  experts.  The  30  per 
cent,  consumed  principally  in  the  haphazard  heating  con- 
traptions designed  by  foundrymcn,  and  under  the  cursor) 
attention  of  irritated  householders,  irresponsible  janitors, 
or  itinerant  servants.  Competent  men  believe  that  a  full 
one-third  of  that  30  per  cent.,  10  per  cent,  of  our  entire 
coal  consumption,  can  be  saved  by  tower  temperature 
levels,  more  intelligent  firing,  and  better  efficiency  of 
heating  plants.  Cutting  the  enthusiast's  estimate  in  half, 
taking  5  per  cent,  as  an  attainable  saving,  isn't  that 
worthy  the  concentration  of  all  our  best  effort,  the  appli- 
cation of  all  our  fuel  commission's  abilities? 

At  present  with  every  desire  to  serve  in  this  crisis, 
where  can  we  get  intelligent  direction?  How-  many  oi 
you  householders  know  where  to  obtain  reliable  advice 
on  simple  changes  in  your  heating  plants  which  will  en- 
able you  to  save  one-sixth  of  your  consumption?  I  am 
not  speaking  of  complex  changes  such  as  grates,  ash- 
pits, and  other  ideal  arrangements,  but  rather  of  the 
small  points ;  the  best  cement  for  leaks  in  casings,  the 
most  easily  applied  lagging  for  pipes,  or  data  from  trial* 
of  various  schemes  of  damper  manipulation  in  houses  like 
your  own.  Where  can  we  buy  cheap  humidifying  ap- 
paratus which  shall  make  62  '  or  63 3  as  comfortable  .is 
72  or  73  ■  was?  Presentation  of  points  like  these  over 
and  over  again  in  every  possible  form  of  publicity  will 
eti'ect  conservation  out  of  all  ]>ro|>ortion  to  that  resulting 
from  substitution  of  25-  for  -K)watt  lamps. 

In  our  ship  yards,  in  our  munitions  plants,  in  the 
manufacture  of  necessities,  the  urge  is  for  greater  and 
still  greater  output.  Higher  intensities  of  lighting  have 
been  shown  dispassionately  and  without  prejudice  to 
give  a  notable  increase  at  a  negligible  cost  with  the  same 
men  ami  the  same  machines.  And  yet  our  attention  is 
directed  to  the  fact  that  the  substitution  of  a  23-  for 
a  40-watt  lamp  will  save  half  an  ounce  of  coal  in  one 
hour— that  amounts  to  nearly  a  ton  in  a  hundred  years! 
Let  us  lighting  men  offer  our  services  to  our  Govern- 
ment then,  not  for  curtailing  a  non-existent  luxury,  but 
rather  for  applying  better  light  and  more  light  to  wimiin? 
this  war — for  utilizing  light  as  a  real  weapon  for  victory. 

W.  D  A.  Kv an  :  We  are  urged  to  economize  in  the 
use  of  light  mainly  for  two  reason:  to  save  coal  and  for 
psychological  effects,  while  the  actual  coal  saving  made 
possible  by  the  extinction  of  electric  signs  is  small  in 
comparison  with  practical  savings  in  other  directions: 
nevertheless  it  is  our  duty  to  economize  wherever  poV 
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sible  in  order  to  assist  in  tlie  successful  prosecution  of 
the  war. 

1  am  particularly  interested  in  the  statement  that  the 
average  estimate  of  thirteen  engineers  engaged  in  light- 
ing work  indicates  that  the  present  standard  of  illum- 
ination should  he  raised  approximately  73  per  cent,  in 
order  to  conform  to  their  ideas  as  to  desirable  intensities. 
Tliis  is  certainly  very  conservative.  It  is  my  personal 
opinion  that  both  industrial  and  street  lighting  intensi- 
ve ■<  ould  readily  be  increased  from  100  to  200  per  cent, 
with  marked  advantages  to  all  concerned. 

At  the  present  time,  manufacturers  and  industrial 
workers  are  being  educated,  under  forced  draft.  <o  to 
speak,  in  the  use  of  more  and  better  light  and  as  a  result 
I  k-]ieve  we  will  rind  that  say  rive  years  after  the  close 
oi  the  war  industrial  lighting  in  this  country  will  be  at 
lea-t  150  per  cent,  higher  intensity  than  at  the  begin- 
ning of  the  war. 

1  recently  had  occasion  to  compare  some  of  the  mod- 
ern lighting  installations  with  lighting  recommendations 
which  we  made  in  the  years  1901.  1902.  1903  and  1904. 
These  included  machine  shops,  textile  mills  and  manu- 
facturing plants  in  general,  lighted  mainly  with  arc 
lamps,  concentric  diffusers  and  concentrating  mirror  re- 
flectors in  high  l»ays.  which  anticipated  the  present  semi- 
indirect  and  direct  lighting  systems.  It  was  interesting 
to  note  that  watt  |k.t  square  foot  was  the  average 
energy  recommended  for  advanced  lighting  in  the  period 
mentioned.  This  figure  has  remained  constant,  but  the 
loot-candle  illumination  to-day  will  ran  three  or  four 
times  as  high,  showing  that  the  increase  in  efficiency  of 
lighting  units  and  improved  retlectoring  has  been  fully 
utilized  without  compromising  on  the  ]>ower  consumed. 
A  general  increase  to  1  • or  even  to  1 1  watts  per  square 
foot  with  present  unit  efficiencies  is  absolutely  justi- 
fied and  should  not  be  regarded  as  reaching  a  point  of 
extravagance. 

As  Mr.  Millar  points  out — street  lighting  generally  is 
inadequate  and  only  an  insignificant  pro|x>rtion  of  the 
streets  are  lighted  to  such  an  extent  as  to  make  it  ad- 
visable to  curtail  lighting  even  in  the  times  of  fuel  short- 
age. It  is  just  as  important  to  keep  our  principal  streets 
well  illuminated  for  police  protection  and  the  minimiz- 
ing of  accidents  as  it  is  to  employ  protective  flood  light- 
ing for  industrial  plants.  An  eastern  city  recently  re- 
duced its  so-called  white  way  street  illumination  in  ad- 
dition to  cutting  off  the  signs,  for  three  nights,  and 
crime  and  nuisance  had  increased  so  much  that  it  was 
necessary  to  restore  the  regular  street  lighting  service. 
1  feel  that  it  would  be  unfortunate  if  it  becomes  neces- 
sary to  make  further  curtailment  of  street  lighting,  espe- 
cially in  the  case  of  water  power  operated  plants  where 
there  is  sufficient  energy  available  to  take  care  of  in- 
creased manufacturing  demands. 
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\V.  H.  Roi.inson:  I  am  heartily  in  sympathy  with 
all  of  the  statements  made  by  the  author  of  the  paper. 
I  believe  the  paper  should  have  publicity.  There  are  a 
good  many  among  us  who  can  give  this  paper  national 
publicity  and  I  think  it  would  be  well  if  they  would  con- 
sider seriously  the  propriety  of  making  such  distribution. 

\\  .  |.  Hammer:  Dr.  Lloyd  brought  up  a  point  which 
struck  me  very  forcibly  and  that  was  the  necessity  of 
stimulating  the  saving  of  coal  in  our  homes  as  i<  done 
in  the  methods  of  food  conservation  employed  by  the 
Food  Administration. 

The  facts  should  be  strongly  brought  home  to  the 
masses,  that  they  should  use  their  fires  more  intelli- 
gently and  efficiently,  shut  off  or  bank  their  rires  when 
rot  needed,  prevent  escape  of  heat  and  keep  down  the 
temperature  of  their  overheated  rooms ;  they  should  also 
turn  off  unnecessary  lights  and  where  practicable  using 
small  units  of  light,  they  would  thus  enormously  assist  in 
that  conservation  of  coal  which  is  of  such  paramount 
importance  at  the  present  time. 

Xormax  M  acbeth  :  1  feel  as  Dr.  Lloyd  stated  that 
the  effectiveness  of  these  conservation  bulletins  de- 
pends upon  the  extent  to  which  they  reach  and  are  given 
attention  by  the  individual.  From  the  staiuh,>oint  of  the 
individual  householder  certainly  very  much  greater  coal 
savings  can  be  effected  along  the  line  of  conservation  of 
heat  with  weather  stripping,  storm  windows,  elimination 
of  excess  radiation,  and  the  maintenance  of  lower  tem- 
peratures generally,  rather  than  thru  savings  of  light, 
even  to  the  extent  of  the  hardship  of  going  without 
light  altogether. 

The  coal  that  would  be  saved  in  my  home  thru 
reduction  or  elimination  of  lighting  service  is  certainly 
not  the  kind  of  coal  that  could  be  used  in  a  house-heating 
boiler.  If  a  saving  of  one  shovelful  of  coal  per  day  per 
household  will  result  in  a  total  annual  saving  of  15,000,- 
000  tons,  and  the  saving  which  must  be  accomplished  is 
50,000,000  tons,  1  estimate  my  saving  on  the  basis 
of  150,000,000  ions.  This  saving  was  effected  generally 
in  three  ways.  The  steam  mains  in  the  basement  were 
bare  and  painted  black  ;  on  the  advice  of  the  consulting 
heating  engineer  that  by  properly  heating  the  basement 
you  could  more  easily  warm  the  rest  of  the  house.  I  re- 
duced the  radiation  from  this  piping  with  sectional  as- 
bestos covering  which  I  put  on  at  a  slight  expense  and 
which  has  resulted  in  the  reduction  of  coal  consumption 
of  at  least  25  per  cent.  Then,  in  one  room  which  was 
not  used  and  in  two  bedrooms,  the  radiators  were  turned 
off.  Closer  attention  was  also  given  to  damper  regula- 
tions and  the  maintenance  of  a  temperature  not  ex- 
ceeding fj8J  in  those  rooms  where  the  radiators  were  in 
use.  My  the  use  of  heavier  underwear  we  can  easily 
get  along  with  very  much  lower  temperatures  than  are 
used  in  most  homes.    It  seems  to  me  unfortunate  that 
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the  Chamber  of  Commerce  bulletin*  gave  so  little  at- 
tention to  these  important  means  of  coal  conservation 
in  comparison  to  the  importance  attributed  to  saving  by 
a  reduction  in  the  use  of  light. 

A  great  deal  of  attention  has  also  been  given  to  cur- 
tailment of  display  lighting,  a  large  part  of  which,  if 
not  all.  is  a  form  of  advertising.  There  can  be  no  ques- 
tion raised  at  this  date  that  advertising  electrically  justi- 
fies its  cost.  If  the  stand  is  taken,  however,  that  any 
form  of  advertising  which  results  in  an  expenditure  of 
fuel  should  be  curtailed,  then  I  believe  that  attention 
should  also  be  given  to  the  display  advertising  in  maga- 
zines and  newspapers,  a  comparatively  few  pages  of 
which  are  exclusively  editorial.  A  single  saving  of  15  to 
30  minutes  in  the  running  of  a  large  new  spaper  or  maga- 
zine press  once  a  month  would  save  sufficient  fuel  to 
light  the  average  house  for  an  entire  month.  The  cur- 
tailing of  large  display  advertising  in  the  newspapers  and 
magazines  would  more  than  offset  the  energy  required 
for  the  electric  signs  of  small  merchants  who  cannot 
afford  to  advertise  in  the  newspapers. 

Mr.  Millar  had  an  exceedingly  difficult  subject  to  han- 
dle that  it  might  not  ap|>ear  that  his  paper  was  merely 
a  protest  against  interference  of  the  business  of  the  cen- 
tral station.  The  j>oint  should  not  be  overlooked,  how- 
ever, that  there  are  many  thousand  people  who  are  con- 
scientiously curtailing  the  use  of  light  and  believe  that 
they  are  thereby  doing  their  best  in  this  conservation  of 
fuel  movement.  Light  should  not  be  used  extravagantly 
but,  as  stated  above,  it  is  very  easy  in  approaching  this 
subject  from  the  heating  end,  to  effect  a  saving  many 
times  greater  than  would  result  with  a  100  per  cent, 
saving  in  light. 

Wm.  J.  Sekkili.:  In  reading  Mr.  Millar's  very  in- 
teresting and  valuable  paper.  I  have  been  struck  with  the 
wide  difference  between  the  estimates  made  by  the  ex- 
perts he  consulted,  as  to  the  amount  of  lighting  that  is 
needed  in  normal  times,  as  compared  with  their  esti- 
mates of  what  is  needed  in  war  times.  These  estimates 
place  the  pro|>er  amount  of  lighting  in  normal  times  at 
73  per  cent,  higher  than  at  present,  while  in  w  ar  times  they 
place  it  at  3  per  cent,  lower  than  at  present.  I  am  wonder- 
ing whether  the  estimators  in  arriving  at  the  latter  figure, 
were  not  influenced  by  the  present  extreme  condition  of 
coal  shortage.  When  these  estimates  were  made,  the 
coal  shortage  in  the  country  was  at  its  height.  If  it  were 
believed  that  such  a  condition  were  to  continue  thruout 
the  war,  of  course,  a  3  per  cent,  decrease  in  fighting 
would  not  be  unreasonable.  Hut  no  one  believes  that 
such  a  coal  shortage  will  continue,  or  will  even  repeat 
itself  next  winter.  Therefore,  if  this  table  is  intended  to 
represent  what  should  be  the  reduction  below  present 
lighting  thruout  the  period  of  the  war,  I  question  whether 
there  should  really  be  any  decrease  whatever. 
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I  have  some  sympathy  with  Dr.  Cutler's  remarks 
about  white  way  lighting.  W  hile  I  believe  that  white 
way  lighting  is  desirable  and  of  advantage  to  any  city, 
yet  1  wish  it  could  lie  made  more  artistic  than  it  gen- 
erally is.  The  enormous  signs  that  are  needed  in  order  to 
produce  the  grotesque  effects  aimed  at  are  a  defacement 
to  the  buildings  on  which  they  are  erected,  during  day- 
light, and  at  night  the  effect  is  generally  far  from  ar- 
tistic. The  development  of  flood  lighting  on  a  com- 
mercial scale  permits  of  a  very  artistic  illumination  of  the 
facades  of  buildings.  It  would  be  interesting  to  see  a 
section  of  one  of  Xcw  York's  principal  thorofare* 
treated  with  a  flood  of  light  in  such  a  way  as  to  make 
the  most  beautiful  effect  by  night,  and  to  produce  the 
least  possible  defacement  of  the  thorofare  by  day. 

It  will  be  noticed  that  Mr.  Millar  has  confined  bis 
paper  to  electric  lighting.  He  has  told  me  that  the  time 
at  his  disposal  in  the  preparation  of  the  paper  was  too 
short  for  him  adequately  to  consider  gas  lighting.  As 
gas  lighting  is  largely  confined  to  residences  and  to  the 
interiors  of  stores  and  industrial  establishments,  it  is  not 
materially  affected  by  the  ridings  of  the  Fuel  Admin- 
istration, and  consequently,  there  is  little  impropriety  in 
omitting  it  from  the  discussion.  Roughly  speaking, 
about  4,000,000  tons  of  coal  per  year  are  consumed  in 
gas  lighting. 

Wm.  Lf.Rov  Robertson-  :  I  have  had  the  pleasure  of 
making  a  study  of  the  effect  that  "  daylight  saving  "  will 
have  on  the  electric  lighting  in  Philadelphia,  and  I  might 
say  that  if  the  clock  is  advanced  one  hour,  the  net  saving 
in  the  lighting  load  alone  will  be  about  6  per  cent. 

If  a  curtailment  in  electric  lighting  of  3  per  cent,  will 
save  340.000  tons  of  coal  a  year,  as  pointed  out  in  Mr. 
Millar's  paper,  and  assuming  that  the  effect  of  "daylight 
saving  "  in  Philadelphia  is  representative  of  the  effect 
thruout  the  country,  then  the  6  per  cent,  gain  by 
"  daylight  saving  "  will  save  an  additional  680,000  tons 
a  year  for  all  electric  lighting.  This  is  based,  however, 
on  adopting  "  daylight  saving "  the  year  around :  ii 
adopted  for  six  summer  months  only,  then  less  than  hall 
of  this  amount,  or  about  270,000  tons  would  be  saved, 
since  lighting  loads  are  not  as  large  in  summer  as  in 
winter. 

Another  important  point  relative  to  the  effect  of 
"  daylight  saving  "  is  the  reduction  of  the  peak  load  on 
the  electric  light  plant  to  the  extent  of  probably  15  per 
cent,  at  least.  This  reduction  will  occur  only  should 
"  daylight  saving  "  exist  during  the  winter  months.  This 
means  the  liberation  of  an  equal  percentage  of  plant 
capacity,  which  will  be  immediately  available  all  over 
the  country  for  industrial  power  loads,  which  during 
war  times,  is  a  valuable  governmental  consideration.  To 
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obtain  such  capacity  by  erecting  new  plant  equipment 
requires  considerable  time  ami  consequently  involves 
serious  delay  when  considering  governmental  work. 

\V.  H.  Garti.ev:  In  talking  about  the  educational 
idea — educating  the  people — I  was  present  at  a  confer- 
ence in  which  Dr.  Garfield  made  some  statements  in  the 
earlier  par:  of  his  tenure  of  office,  and  when  the  ques- 
tion of  curtailment  of  display  electric  light  sign  lighting 
was  in  his  mind,  the  question  arose  whether  it  would  not 
be  a  good  thing  to  reduce  the  amount.  because,  as  he  said, 
of  the  psychological  effect.  Dr.  <  iarticld  at  that  time 
had  an  idea  that  the  amount  of  coal  that  was  used  in  dis- 
play lighting  was  larger  than  he  afterward  found  it  to  be. 
on  the  statement  of  men  who  were  at  least  as  reliably 
informed  as  anyone  could  be:  and  bis  predecessor.  Mr. 
Teabody,  also  made  the  statemeni  before,  that  there  was 
going  to  be  a  very  large  amount  of  saving  due  to  the 
curtailment  of  sign  lighting.  At  that  time,  the  men  who 
were  present  and  were  acquainted  with  the  electric  light 
field,  made  an  estimate  of  about  how  much  that  would 
amount  to  per  family  per  year.  It  was  something  like 
4  pounds  of  coal  to  each  family,  if  all  the  display  sign 
lighting  was  eliminated.  Then,  I  think  afterward  they 
rather  increased  that  |>crhaps  50  per  cent.  Hut  the  psy- 
chological effect  was  that  a  great  many  people  who 
thought  they  knew,  had  to  modify  their  views  as  to  what 
a  tremendous  amount  of  energy  was  used  in  sign  light- 
ing. They  did  not  realize  that  these  bulbs  were  very 
small  lights.  My  thought  was  in  asking  Mr.  Millar 
whether  there  had  anything  come  up  in  New  York  as 
to  the  result  of  this  sign  lighting.  New  York  City  has 
it  in  accentuated  form.  The  fact  of  the  matter  is  that 
this  severe  winter  that  we  have  gone  through  has  ap- 
parently brought  home  to  a  very  large  number  of  people 
who  have  been  living  in  the  cities,  the  necessity  of  reduc- 
ing the  expenditure  for  lighting,  and  from  the  data  that 
we  have  in  connection  with  the  gas  business,  it  appears 
evident  that  they  found  some  means  of  doing  it. 

1*.  S.  Mili  ar  (In  reply)  :  The  paper  has  served  one 
of  its  purposes  in  that  the  discussion  which  it  has  elicited 
has  covered  the  subject  quite  thoroughly.  Among  those 
who  have  participated  there  is  practical  unanimity  to  the 
effect  that  we  should  all  cooperate  to  save  coal  where 
practicable  through  the  elimination  of  waste  in  lighting, 
and  possibly,  if  the  emergency  warrants,  through  cur- 
tailment of  lighting.  It  is  agreed,  however,  that  our  ut- 
most efforts  will  effect  only  a  very  small  saving  in  coal. 
The  country  must  look  elsewhere  for  the  larger  savings 
in  coal  which  have  to  be  accomplished.  The  representa- 
tive character  and  diversified  view-points  of  the  men  who 
have  contributed  to  this  discussion  bear  testimony  to  the 
validity  of  this  conclusion. 

There  was  some  adverse  comment  on  Bulletin  Xo.  5 
of  the  Committee  on  Coal  Conservation  of  the  Chamber 
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of  Commerce  of  the  United  States  which  is  appended  to 
the  |>aper.  This  Bulletin  is  included  because  it  points  out 
five  ways  in  which  coal  can  be  saved  through  attention 
to  artificial  lighting  practice.  We  are  all  in  accord  in 
our  desire  to  effect  such  savings.  The  Bulletin  can  be 
made  useful  in  this  effort.  I  fully  agree  with  criticisms 
of  the  Bulletin  on  the  score  that  it  devotes  only  two  para- 
graphs to  saving  coal  through  attention  to  building  heat- 
ing practice,  where  large  savings  can  be  effected,  while 
devoting  five  paragraphs  to  lighting  where  but  small  coal 
savings  are  [H«s-ihlc.  We  desire  to  join  with  the  Cham- 
ber of  Commerce  Committee  in  urging  elimination  of 
waste  through  lighting,  while  seeking  to  place  various 
forms  of  waste  of  coal  in  their  proper  i>erspeeiive,  to 
the  end  that  the  largest  savings  may  be  effected  as  a  re- 
sult of  directing  effort  into  channels  of  greatest  potential 
saving. 

Mr.  Gartlcy  has  asked  for  information  on  the  psy- 
chological effect  of  electric  sign  extinction  in  New  York 
City.  On  this  point  I  have  nothing  but  my  personal 
opinion  which  is  worth  no  more  than  that  of  any  other 
observer.  It  is  my  opinion  that  the  effect  of  occasional 
extinction  has  been  good.  It  is  proper  and  helpful  to  re- 
mind the  people  that  we  are  at  war,  and  that  their  efforts 
must  be  directed  toward  sober  achievement.  1  have  un- 
derstood, however,  that  the  purpose  of  sign  extinction 
has  been  to  save  coal  and  not  to  accomplish  any  psycho- 
logical effect.  As  a  coal-saving  measure  I  have  seen  the 
statement  attributed  to  the  Fuel  Administration  that  the 
extinction  of  all  sign  lighting  in  the  country  two  nights 
per  week  in  the  course  of  a  year  is  expected  to  reduce  the 
consumption  of  coal  by  about  250,000  tons. 

Some  comments  have  indicated  that  the  paper  shows 
little  respect  for  small  savings.  I  do  not  want  to  create 
that  impression.  The  public,  however,  has  gained  the 
impression  that  large  coal  savings  are  to  be  effected 
through  lighting  curtailment.  The  newspapers  foster 
this  idea.  As  recently  as  the  first  week  of  January,  the 
Fuel  Administration  was  resi»onsible  for  the  statement 
that  "  there  is  an  enormous  waste  of  coal  due  to  extrava- 
gant and  reckless  use  of  electric  lighting."  The  amount 
of  attention  devoted  to  coal  saving  through  lighting  cur- 
tailment by  the  Fuel  Administration,  the  public  press  and 
the  public  in  general,  is  in  my  judgment  out  of  all  pro- 
portion to  its  importance  as  a  coal-saving  measure.  It 
has  seemed  to  me  therefore  important  to  emphasize  the 
fact  that  the  saving  of  coal  through  curtailment  of  light- 
ing is  relatively  insignificant.  In  devoting  an  undue  pro- 
jK>rtion  of  effort  toward  lighting  curtailment,  there  is 
danger  of  neglecting  to  accomplish  much  larger  savings 
in  other  directions. 

For  the  many  favorable  criticisms  upon  this  paper 
and  for  the  appreciative  comments  of  a  number  of  the 
speakers  I  extend  my  thanks. 

OF    PHILADELPHIA  399 


Digitized  by  Google 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


Profes 

isiional  Dsrei 

*> 

ctory 

ALBRIGHT  &  MEBUS 
CIVIL  ENGINEERS 
907  Land  Title  Building 
Philadelphia,  Pa. 

Sureere.  Baamlmtioni.  Reports,  nans  ■  ad 

J.  A.  Coin*                           A.  J.  ChriaUa 

COLBY  AND  CHRISTIE 

Worhr-nahl,      J\j  ^"gyg- 
Wlthersooon  Building  PhUadelphia 

S.  P.  MITCHELL 
Consulting  Engineer 

1450  Real  Estate  Trust  Bldg. 
PHILADELPHIA 

WALTER  A.  ALLISON 

Consulting  Engineer 
PUBLIC  UTILITIES 

Repof  la.  Tarnation  end  advice  aa  to  relee. 
LH'Siiia.  construction,  operation  or  Gae  aod 
Power  Planta. 

403  Wister  Street  Philadelphia 

DAY  ft  ZIMMERMAN N,  Inc. 

ENGINEERS  INDUSTRIAL 

ARCHITECTS,  OPERATORS 

Industrial  Plants     Public  Utilities 

611  Cheatnut  St.,  Philadelphia 

GEORGE  M.  NEWHALL 

COMMERCIAL  TRITST^BLDO. 

SUGAR  MANUFACTURE 

SODA  RECOVERY 
INDUSTRIAL  APPARATUS 
REPORTS 

SPECIAL  MACHINERY  DESIGNED  OR  BUILT 
/J INSULATING 

W.  E.  S.  DYER 
MILL  ENGINEER  AND  ARCHITECT 

lodaa  trial  Baildiaaa 
Teitile  Hllla.  Pactoriaa,  Power  Planta 
Special  Processes  and  Deeices 

Land  Title  Building,  Philadelphia 

THE  RATE 

(or  insertion  of  professional  cards  of  mem- 
bers of  Club  and  members  of  Societies 
affiliated  with  the  Club  in  this  directory  is 

$25.00  Yearly  Contract 

Send  in  your  card  TO-DAY  to  the  Pub- 
lication Committee,  Engineers'  Club. 

BALLINGER  &  PBRROT 

s       ARCHITfc.L.ls  AIMlv  t.riuintic.Ko 

Cooamcrrisl  rVjildlag  aad  lodualrial  Pleata 
ud  Their  Complete  rV,«lpo»«it 

I     Philadelphia                   New  York 

R.  R.  HAMMOND  ft  CO. 
ENGINEERS 
WIDENER  BUILDING 
PHILADELPHIA 

ScoFiELD  Engineering  Co, 

■   ■       PHILADELPHIA  •   •  • 

C  onsulting  Engineers 

j      tHVESTtOATlOKS    1  MEXHANICAL 

Reports  industrial 
Dbsions       I  RanucmnAnNG 

j      SPCCiriCATIONS  KLICTfUCAl- 

|  jsexsss*  1  *vssssss? 

|    THE  ROBERT  J.  BERRYMAN  CO. 
Refrigerating  Eagineera 
Boarae  Building,  Philadelphia,  Pa. 

|      Tba  "BarrrBun"  Raw  Watar  lea  Systems 

• 

JOHN  C  TRATJTWINE,  3d 

Original  lnrcatie-etioru  and  nVMbircb. 
Deaijrnrftg  of 
Nrw  or  Special  Apparatus. 
Bell  Telephones 
Mail  Addreaa  Ul<( 
$943  Locaat  Street            as?  South  4th  St. 
Ptadaderphia.  Pa. 

CHARLES  E.  BONINE 

CONSDXTIHO  AMD  DESIGNING 
ENGINEER 

= 

I>p«ijtn«-r  of  Sp*Tinl  Mar|ptt*ry,  Elrctric*,  »nd 
—                    tiOwlt  *U)d  Development  nJ  l'f»ci*»aieB. 

Harriaon  Building  Philadelphia 

STEWART  A.  JELLETT  CO. 

Building  Equipment  Engineers 

Steam  Pewer Plants  He.tine, and  VentilaUoa 
Electric  l.ijhtinf  and  Power 

Sprinkler  Equipments 
Elevators  and  Rerrif erators 
REAL  ESTATE  TRUST^  BUILDING 

F.  WEBER  ft  CO. 

Drawing  and  Engineering  Supplies 
Artists'  Material 

1125  Chestnut  St,  Philadelphia 

Branca**:  St.  Loaie,  Ma.;  Baltimore,  Md- 

BRAEMBR  AIR 
CONDITIONING  CORPORATION 

Manufacturers  of  equipment  Tor  maiataicicir 
artificial  alnionibeiie  coSMfitioas  ia 
ID.ltutn.l  pUntl 

WEBSTER  Air  Washers,  Hamldiaere  and 
Dchuraidifiere 
Latarene  BoiMlag.  Philadelphia 

THE  WHITLOCK  COIL  PIPE  CO. 
t&x^'.r*  Steam  Water  Heaters 

ttoni  fees'  Watar  Heaters.  Senic*  Water  Heelers. 
Cendfitri.  E«it>;raters.  Air  Healsre,  Air  Cleltrs. 
Oil  Healers.  Oil  Coders.  Ceils  see'  Beads. 
FKlSxt  tamou  CCssv       Inrcn  trnce  a  all  Lsrst  Caa. 
WM.  WILCOX.  Dial.  Bap. 
Commercial  Trust  Bid*  ,  Pbiladelpeia 

Coal  Iron 

H.  M.  CHANCE  &  CO. 

CoD.uItin«  Miaioc  Emineets 

KxaminelKmi.  VeJoalluae.  Kquipnwnt 
and                  of  Mains  HraparUaa 

1     DRAWINGS  EOR  ENGINEERING  PROJECTS 

Thr  Ccaav«tU*Tica>       yo^f          DvesfHaif  Koayat,  without  llie 
•aiarrara*.  All  Saa»lteMticHjf  i^oMtclLal   Duilltt  Mai- 
If,  a;  FevcllKlet  l»ur«  lh<  i,ti«rtji««  j>f  i^p.  t kn  at  )  our  M«M- 

J.  HARMER  KNlGHT 

Mtatfcng  ajnil  M«Oi*filtAl  Eakfiacer 

wmttows.  »a. 

AlV»*™«  ,t  th.  ►..lCl..,W  CM,.  t-h.Ue.lpku 

ALBERT  C.  WOOD 

CONSULTING  ENGINEER 

Steam  and  Electric  Power  Stations 
Industrial  Planta 

iii  AUGUST.     NINETEEN     HUNDRED     AND  EIGHTEEN 

Digitized  by  Google 


WAR     CONSERVATION     OF     POWER    AND  LIGHT 


WAR  CONSERVATION  OF  POWER  AND  LIGHT 

By  CHARLES  F.  STUART 

Chief  of  Fuwer  and  Li^ht  Division,  Furl  A.lroini«tr«tion. 
United  States 

GENERAL  plans  have  been  laid  out  for  the  con- 
servation of  light  and  power  by  the  Bureau 
of  Conservation  of  the  United  States  Fuel 
Administration,  of  which  Mr.  P.  R.  Moves  is  Director, 
and  these  plans  will  be  carried  out  by  the  Power  and 
Light  Division.  They  will  be  developed  under  the 
following  subdivisions : 

1.  Elimination  of  uneconomical  isolated  plants. 

2.  The  application  of  the  Skip-stop  to  railways  and 
the  regulation  of  car  heating  and  lighting. 

3.  Economy  in  utilization  of  power  and  light  in 
factories. 

4.  Utilization  of  excess  water  power  and  intercon- 
nection of  power  systems. 

5.  Limiting  the  production  of  power  to  the  most 
efficient  plants  available. 

6.  Economy  in  the  Refrigerating  and  Ice  Manufac- 
turing Industry. 

A  brief  statement  with  respect  to  each  of  these 
subdivisions  is  developed  below. 

The  plans  will  be  carried  out  thru  the  cooperation 
of  the  following: 

First. — A  force  of  engineers  organized  and  stationed 
with  the  Fuel  Administration  at  Washington. 

Second.— The  Engineering  Department  of  the  United 
Slates  Geological  Survey. 

Third.—  The  Power  Division  of  the  Council  of 
National  Defense. 

Fourth. — A  State  Fuel  Engineer  attached  to  the  office 
of  the  State  Fuel  Administrator,  to  supervise  the 
activities  in  his  State. 

Fifth. — The  Public  Service  Commissions  and  State 
regulatory  bodies. 

Sixth. — The  Chambers  of  Commerce  and  similar 
representative  business  bodies. 

Seventh. — Volunteer  engineers  located  thruout  the 
country. 

The  following  gives  the  scope  of  the  subdivisions: 

t.  ELIMINATION   OF   UNECONOMICAL  ISOLATED 
PLANTS 

The  individualistic  way  in  which  fuel  is  now  con- 
sumed in  cities  is  not  efficient.  A  ton  of  Coal  burned 
in  a  large  central  station  will  produce  at  least  four 
times  as  much  electric  power  as  if  burned  in  the  aver- 
age small  plant,  and  if  centralized  burning  could  be 
introduced  to  a  greater  extent,  the  amount  of  fuel 
required  could  be  largely  reduced  without  reducing 
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in  any  way  the  ultimate  production  of  light  and  power. 

It  is  frequently  the  case  that  in  buildings  where 
electric  plants  are  located  and  where  exhaust  steam  is 
utilized  in  the  heating  of  the  building  and  in  furnishing 
hot-water  requirements,  such  buildings  cannot  adopt 
central-station  service  without  a  loss  of  money  and 
no  saving  in  fuel  would  result. 

As  a  ride  it  may  be  stated  that  where  no  extensive 
heating  system  is  operated  in  conjunction  with  the 
generating  plant,  such  a  plant  can  purchase  power  at  a 
great  fuel  saving  and  with  a  possible  reduction  in 
power  cost.  In  other  cases  it  would  be  more  economi- 
cal, from  the  viewpoint  of  fuel  saving,  to  utilize 
central-station  service  in  conjunction  with  isolated 
electric  plants. 

It  is  the  duty  of  the  Fuel  Administration  to  devise 
means  for  securing  a  curtailment  in  the  use  of  fuel  in 
ways  which  will  impose  a  minimum  of  hardship.  It  is 
believed  that  there  are  many  plants  not  only  in  New 
York,  but  thruout  the  entire  country,  which  could,  at 
least  temporarily,  shut  down  their  own  electrical  ma- 
chinery and  purchase  power  from  others  at  a  financial 
advantage  to  both  parties  and  with  a  considerable 
saving  in  fuel. 

The  Fuel  Administration  believes  that  if  even  a 
comparatively  small  proportion  of  the  plants  thruout 
the  country  which  could  save  fuel  in  this  way  at  a 
profit  to  themselves  would  do  so,  it  would  prove  a  tre- 
mendous help  in  meeting  the  fuel  situation  with  which 
the  country  is  confronted,  and  in  winning  the  war. 

While  it  may  appear  that  the  interests  of  the  central 
station  are  being  benefited  to  a  large  degree,  such  is 
not  of  necessity  the  case.  In  some  cases,  central  sta- 
tions may  be  shut  down.  I ti  any  event  any  connection 
between  a  central  station  and  a  building  or  a  manufac- 
turing plant  that  is  affected,  will,  of  necessity,  be  for  the 
period  of  the  war  only  or  thru  the  period  where  the 
coal  situation  is  critical.  The  machinery  of  the  isolated 
plant  can  be  readily  preserved  thru  this  period  of  neces- 
sity. Under  these  circumstances  the  heavy  expense 
attendant  upon  the  making  of  the  connection  by  the 
centra]  station  may  completely  or  even  more  than 
offset  any  profit  which  could  be  expected  of  such  a 
load  thru  a  short  period. 

2.  THE  APPLICATION  OF  THE  "  SKIP-STOP "  TO 
RAILWAYS  AND  THE  REGULATION  OF  CAR 
HEATING  AND  LIGHTING 

One  of  the  most  promising  methods  by  which  we 
are  securing  economy  in  the  use  of  fuel  thruout  the 
country,  is  by  the  introduction  of  the  "  Skip-stop  " 
system  on  the  electric  railways  of  the  various  cities. 
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A  CONCENTRATED  LUBRICANT 
FOR  STEAM   ENGINE  CYLINDERS 


Feed  it  in  this  I 
Cup  I 

CYL-TAL  is  a  globule  of  best  cylinder  oil, 
which,  alone,  has  no  affinity  for  wet  sur- 
faces, coated  with  a  film  of  tallow,  well 
known  to  possess  the  greatest  affinity  for 
wet  surfaces  at  hi^h  temperatures.  The 
tallow  not  only  lubricates  in  itself,  but  holds 
the  oil  to  the  wet  surface  and  makes  it 
lubricate  instead  of  blowing  out  of  the  ex- 
haust as  is  the  case  with  cylinder  oil. 

To  insure  perfect  feeding  of  CYL-TAL 
wc  recommend  the  CYL-TAL  Lubricator, 
which  is  guaranteed  by  its  inventor,  Dr.  M. 
W.  Franklin,  M.E.,  "to  feed  a  stearine 
candle  with  outside  tcmjierature  of  zero." 

In  the  CYL-TAL  Lubricator,  CYL-TAL 
as  a  heated  fluid,  is  fed  drop  by  droj>  through 
a  needle  valve  into  the  steam  line,  where 
it  is  pulverized  and  diffused  with  live 
steam  passing  into  the  engine,  bathing  every  inch  of  the  cylinder 
walls  with  a  fine,  tenacious  lubricating  film. 

There  are  not  only  more  drops  of  CYL-TAL  to  the  pint,  but 
rath  pint  tots  four  times  as  far  as  cylinder  oil!  Don  t  let  an 
antiquated  lubricator  stand  between  you  and  CYL-TAL  lubri- 
cating efficiency.  Feed  CYL-TAL  in  the  CYL-TAL  Lubricator, 
and  get  full  lubricating  efficiency. 

E.  F.  HOUGHTON  &  CO. 
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With  the  present  practice  of  having  cars  stop  on 
signal  at  any  street  corner,  there  are  usually  from  12 
to  14  stopping  points  per  mile.  With  the  Skip-stop 
system,  properly  applied,  these  are  reduced  to  not  more 
than  8  per  mile  in  the  business  districts,  6  per  mile 
in  residence  districts,  or  4  per  mile  in  the  open  country. 
With  the  number  of  stopping  points  decreased  in  this 
way,  a  saving  of  from  10  to  15  per  cent,  can  ordinarily 
be  effected  in  the  power  (and  hence  in  the  fuel)  re- 
quired, while  at  the  same  time  the  average  speed  of 
the  cars  is  increased  (without  any  increase  in  the 
maximum  speed  )  and  the  service  thus  improved.  Since 
this  measure  secures  economy  in  fuel  not  only  without 
handicapping  the  service,  hut  with  an  actual  improve- 
ment, it  is  obviously  an  extremely  desirable  type  of 
conservation  measure. 

Our  plan  is  to  secure  the  adoption  of  the  system  by 
voluntary  cooperation  between  the  railway  companies 
and  the  various  municipal  authorities  or  state  commis- 
sions and  to  bring  about  this  cooperation  thru  the 
Federal  Fuel  Administrators  for  the  several  states. 
These  administrators  arc  all  men  of  influence  in  their 
communities  and  so  far  we  have  found  in  every  case 
that  a  request  from  the  State  Administrator  to  the 
proper  authorities  was  all  that  was  necessary  to  secure 
permission  for  the  introduction  of  the  system  as  a 
conservation  measure  during  the  war.  With  permis- 
sion thus  provided  for,  the  railway  companies  have  all 
been  glad  to  adopt  the  plan. 

Thru  our  efforts,  thru  the  independent  efforts  of 
various  local  administrators,  or  thru  the  efforts  of 
certain  railway  companies  themselves,  the  Skip-stop 
system  has  been  adopted,  or  is  about  to  be  adopted  as 
a  coal  conservation  measure  in  Detroit,  Washington, 
Baltimore,  Brooklyn,  Cincinnati,  Columbus,  Dayton. 
Toledo,  Indiana|Kjlis,  Evanston  (  Ind.l,  South  Bend, 
Newark  (and  the  other  cities  of  New  Jersey).  New 
Haven  (and  all  the  other  cities  of  Connecticut),  and 
in  Oakland,  Berkley  and  Alameda,  California, 

The  Connecticut  Company  has  reported  a  saving 
in  fuel  of  10  per  cent,  for  its  New  Haven  lines  and  re- 
ports indicate  saving  in  the  other  places  at  rates  varying 
from  3600  tons  per  year  in  Columbus  to  21.000  tons 
per  year  in  Detroit. 

Various  schemes  for  reducing  car  heating  have  been 
contemplated,  but  as  yet  no  definite  plans  have 
been  formulated. 

3.  ECONOMY  IN  UTILIZATION  OF  POWER  AND 
LIGHT  IN  FACTORIES 

The  United  States  Fuel  Administration  is  request- 
ing, as  a  means  of  accomplishing  power  and  light 
conservation  in  manufacturing  and  industrial  estab- 


lishments, the  appointment,  by  the  management,  of  a 
Shop  Committee,  composed  of  those  best  suited  for 
the  purpose  and  in  size  or  number  suitable  to  the 
size  of  the  plant,  one  member  of  this  committee  to  act 
as  its  chairman.  The  committee  to  be  active  with, 
and  have  charge  of  all  details  in  the  operation  of  the 
plant,  that  would  in  any  way  contribute  to  economy  in 
fuel  or  that  which  fuel  is  used  to  produce  and  report 
weekly  to  the  management  or  head  of  the  plant. 

It  is  also  suggested  that  this  committee  be  changed 
from  time  to  time,  so  that  the  spirit  and  interest  in  this 
work  may  be  maintained. 

It  is  not  the  purpose  arbitrarily  to  outline  in  detail 
the  method  for  doing  this  work,  rather  to  suggest  in 
a  general  way,  leaving  the  details  and  adoption  of  the 
plan  in  the  hands  of  the  manufacturers  interested,  as 
we  realize  that  conditions  in  different  plants  and  char- 
acter of  manufacture,  as  well  as  organization,  will  have 
a  bearing  on  the  size,  character,  and  details  of  the 
committee,  which  must  be  suited  to  the  particular  case 
under  consideration. 

As  a  typical  illustration  of  possible  waste  and  oppor- 
tunity for  conservation,  we  suggest  the  following  items : 

1.  Lights  being  unnecessarily  burned. 

2.  Lamps  of  too  high  candle  power. 

3.  The  elimination  of  carbon  lamps  in  favor  of 
Mazda  lamps  where  practicable. 

4.  The  elimination  of  arc  lamps  and  substitution  of 
nitrogen  filled  lamps  which  arc  from  two  to  three  times 
as  efficient. 

5.  The  restricted  use  of  sunlight  due  to  dirty 
windows. 

6.  Operation  of  motors  when  machinery  is  idle. 

7.  Excessive  sparking,  heating  or  erratic  speed 
of  motors. 

8.  Improper  alignment  of  shafting. 

9.  Grouping  of  machines  so  as  to  operate  motors 
or  engines  as  nearly  loaded  as  possible. 

10.  Staggering  of  operations  so  as  to  maintain  as 
flat  a  load  curve  as  possible. 

11.  Slipping  belts. 

12.  Dry  bearings. 

13.  Overheated  or  underheated  parts  of  plant. 

14.  Excessive  drafts  due  to  lack  of  proper  protec- 
tion about  openings  of  doors,  windows,  elevator  and 
staircase  areas. 

15.  The  reduction  of  elevator  service  or  the  appli- 
cation of  a  Skip-stop  to  elevator  service. 

16.  The  testing  out  of  power  circuits  for  relation- 
ship of  capacity  to  load  carried. 

17.  The  paralleling  of  power  circuits. 

We  also  suggest  that  the  work  of  this  committee  be 
conducted  in  such  a  manner  as  to  provide  records  of 
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Dnvin£Oi>To^-JftP   Victory  With 
Link-Belt  Silent  Chain  Drives 

JN  the  manufacture  of  shells,  ships, 
rifles,  guns,  cannon,  clothing  and 
food  for  the  boys  "over  there",  Link-Belt 
Silent  Chain  Drives  are  daily  speeding  up  pro- 
duction throughout  the  length  and  breadth  of  the 
nation. 

They  are  protecting  the  lives  of  Uncle 
Sam's  sailors  in  submarines.  They  are  turn- 
ing the  guns  in  turrets  of  battle  ships.  They  are 
driving  pumps  and  auxiliary  equipment  on  fighting 
ships  of  every  class  from  dreadnaughts  to  trans- 
ports. 

L  I  N  K  m 


SILENT  CHAIN  DRIVE'S 


Isn't  it  possible  that  a  driving  medium 
with  which  Uncle  Sam  is  willing  to  risk  the 
lives  of  his  men  and  the  protection  of  the  nation,  a 
chain  with  which  he  is  to-day  driving  on  to  victory 
— would  prove  highly  efficient  and  reliable  in  driv- 
ing the  machinery  in  your  plant?  Think  it  over. 
Send  for  Data  Book  No.  125. 

Link-Belt  Company 
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savings,  which  could  be  incorporated  in  report*  and 
information  ck-sircd  from  time  to  time  as  to  the  progress 
of  this  work. 

The  War  Industries  Hoard  and  the  United  States 
Fuel  Administration  are  laying  particular  stress  ti|>on  the 
assistance  that  can  he  rrndcred  hy  Industries  in  econo- 
mizing in  the  use  of  fuel  and  power. 

For  the  purpose  of  recognition  of  the  individual 
service  and  interest  of  the  members  of  committees,  the 
Government  will  designate  and  identify  them  with  a 
button  or  badge  which  will  be  furnished  by  the  United 
States  Fuel  Administration. 

The  endeavor  to  bring  about  conservation  by  the 
above  means  is  well  under  way  in  several  sections  of  the 
country.  Reports  which  have  come  in  show  savings  in 
fuel  ranging  from  10  to  34  per  cent. 

4.  UTILIZATION  OF  EXCESS  WATER  POWER  AND 
INTERCONNECTION  OF  POWER  SYSTEMS 

A  method  of  fuel  conservation  which  promises  a 
certain  amount  of  immediate  relief  and  at  the  same 
time  opens  up  a  field  with  almost  limitless  possibilities 
for  future  development  is  the  interconnection  of  the 
present  power  systems  of  the  country,  and  the  conse- 
quent utilization  of  considerable  excess  water  power 
which  is  at  present  available. 

In  many  parts  of  the  country  duplicate  transmission 
systems  exist,  serving  practically  the  same  territory. 
An  interconnection  between  these  systems  for  the 
mutual  exchange  of  energy,  would,  in  many  cases, 
result  in  marked  economies.  In  other  cases,  the  lines 
of  a  power  company  which  derives  all,  or  nearly  all. 
its  energy  from  water  power,  may  extend  very  close 
to  the  lines  of  another  company  which  uses  coal,  to  a 
large  extent  for  the  generating  of  power.  Since  no 
company  is  so  fortunate  as  to  be  operating  with  a  100 
per  cent,  load  factor,  there  are  necessarily  times  during 
light  load,  when  the  water-j>ower  company  is  forced 
to  allow  unproductive  water  to  flow  over  its  dam.  At 
such  a  time  a  great  saving  in  fuel  would  be  effected 
were  the  two  companies  tied  together  and  the  load  on 
the  steam  station  transferred  in  part,  or  entirely  to  the 
water-power  plant.  Numerous  hydroelectric  compan- 
ies have  for  a  long  time  been  carrying  out  this  idea 
within  their  own  systems,  where  the  bulk  of  their 
power  is  derived  from  water  and  at  the  same  time 
they  maintain  a  steam  reserve  to  carry  their  load  during 
low  water  periods. 

In  some  eases  these  system-interconnections  would 
involve  a  considerable  expenditure  of  both  lime  and 
money,  in  which  event  they  would  not  be  subject  to 
immediate  aggressive  action  by  the  Administration 


but  would  be  held  in  abeyance  as  possibilities  for  future 
consideration  and  developments.  In  a  great  many  in- 
stances, however,  very  considerable  savings  can  be  effected 
with  a  minimum  of  delay  and  ex|>etise,  and  it  is  along  these 
lines  that  the  first  efforts  will  be  most  energetically- 
directed. 

■ 

5.  LIMITING  THE  PRODUCTION  OF  POWER  TO  THE 

MOST  EFFICIENT  PLANTS  AVAILABLE 

We  have  been  able  to  locate  nearly  500  instances 
thruout  the  country  where  there  exists,  in  one  form  or 
another,  a  duplication  of  power  production  and  supply. 
In  other  words,  there  are  communities  where  two  or 
more  central  stations  are  furnishing  electrical  energy 
with  systems  paralleling  one  another. 

In  certain  instances  the  results  of  such  a  condition 
are  not  serious  and  in  many  cases  probably  unavoid- 
able. Our  investigations  so  far,  however,  have  proved 
that  a  very  large  percentage  of  these  situations  offer 
an  opportunity  for  large  fuel  conservation. 

We  find  very  often  that  an  arrangement  can  be 
made  at  little  or  no  expense  whereby  paralleling  sys- 
tems might  be  connected  and  the  entire  load  supplied 
from  the  more  economical  station.  In  some  cases,  pos- 
sibly, the  combined  load  of  both  systems  would  be 
greater  than  could  be  handled  by  the  more  economical 
station.  In  such  case,  as  much  load  as  possible  should 
be  carried  by  the  station  having  the  highest  efficiency 
and  the  remainder  taken  by  the  other. 

6.  ECONOMY   IN   THE  REFRIQERATING-AND-ICE- 

MANUFACTURING  INDUSTRY 

In  cooperation  with  the  Joint  Commission  on  Re- 
frigeration, which  was  organized  to  assist  the  Govern- 
ment during  the  war.  the  Power  and  Light  Division 
is  planning  to  get  in  touch  with  the  entire  ice  industry 
to  introduce  a  number  of  proved  economies  in  the 
operation  of  ice  and  refrigerating  plants. 

A  number  of  suggestions  have  already  been  made 
by  the  Commission  and  by  individuals  connected  with 
the  industry.  One  plan  that  possesses  merit  and  has 
possibilities  of  considerable  fuel  saving  is  that  of  allot- 
ting a  definite  amount  of  coal  to  individual  plants, 
depending  upon  the  size  and  type  of  plant,  such  allow- 
ances being  based  upon  a  reduction  of  10  to  15  per  cent, 
of  the  average  present  fuel  consumption.  This  will 
make  it  necessary  to  adopt  many  simple  measures  of 
economy  that  are  now  being  overlooked. 

Another  possibility  is  that  of  producing  white  or 
opaque  ice  at  a  fuel  saving  of  5  to  20  per  cent.  This 
is  accomplished  hy  eliminating  the  power  that  is  usually 
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To  produce  the  munitions  of  war  and  the  necessities  of 
life  in  unprecedented  quantities,  and  to  distribute  them  to 
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industry. 
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used  for  agitation  in  raw  water  plants  and  fur  producing 
distillate  in  distilled  water  plants,  both  of  which  are 
merely  means  of  producing  a  transparent  product. 
This  measure  is  possible  of  adoption  in  many 
territories. 

A  further  line  of  effort  which  will  be  productive 
of  considerable  economy  and  one  that  was  successfully 
applied  last  winter  is  that  of  operating  during  the 
winter  season  only  the  most  efficient  plant,  or  plants,  as 
the  particular  case  requires,  in  communities  where, 
during  the  summer  season,  all  plants  are  required. 
This  can  be  done  and  the  individual  business  of  each 
manufacturer  will  not  be  interfered  with  as  the  arrange- 
ment provides  that  the  operating  plant  or  plants  will 
sell  at  wholesale  rates  to  those  manufacturers  whose 
plants  are  temporarily  closed  down. 

This  arrangement  also  produces  a  saving  in  am- 
monia, and  for  this  reason  was  applied  last  winter  at 
the  request  of  the  Food  Administration. 

In  general,  as  regards  the  program  outlined  above, 
other  important  measures  of  conservation  will  be 
affected. 

First. — By  the  closing  of  plants  or  the  consolidation 
of  plants  there  will  be  rendered  available  skilled  men 
who  are  vitally  needed  in  the  many  war  industries  of 
this  country.  Provisions  arc  now  completed  whereby 
men  with  such  training  will  be  assisted  in  obtaining 
profitable  work  suitable  to  their  ability. 

Second. — In  many  parts  of  the  country  there  exists 
at  the  present  time  a  power  shortage.  The  intercon- 
nection of  systems,  the  diversity  factor  of  these  systems 
considered,  will  render  available  additional  quantities 


of  power.  The  Council  of  National  Ocfcnsc  is  exam- 
ining all  communities  where  there  is  a  surplus  of  power, 
having  in  mind  the  possible  establishment  in  such 
communities  of  industries. 

It  may  be  stated  that  the  conservation  efforts  of 
the  Fuel  Administration  along  the  above  lines  are  being 
directed  so  as  to  best  serve  the  interests  of  all  with 
a  minimum  of  inconvenience  and  cost  and  with  the 
object  of  making  the  coal  supply  that  is  available  go  as 
far  as  possible,  so  as  to  prevent  the  necessity  of  further 
drastic  measures  such  as  were  necessary  in  January. 

It  will  be  patent  to  every  reader  that  in  the  face 
of  a  great  potential  shortage  it  would  be  criminal  for 
the  Fuel  Administration  to  neglect  obvious  means  of 
fuel  saving  such  as  outlined  above  and  equally  criminal 
for  the  individual  plant  owner  to  refuse  or  defer  cooper- 
ation which  may  have  as  a  direct  result  a  loss  in 
production  of  war  materials  or  which  may  jeopardize 
the  health  of  many  families  thru  shortage  in  coal  sup- 
ply. The  Administration  believes  it  should  not  be 
necessary  to  resort  to  the  issuing  of  orders  for  the 
adoption  of  these  conservation  measures  but  is  relying, 
as  in  the  past,  upon  voluntary  action  by  those  concerned 
and  does  not  wish  to  enforce  the  measures  where  the 
saving  in  fuel  would  result  in  hardship  to  the  owners 
not  commensurate  with  the  benefit  derived  by  the  public. 

In  this  spirit,  the  Fuel  Administration  invites  co- 
operation, whether  the  question  be  one  of  interconnec- 
tion, of  operation  of  plants  at  maximum  efficiency,  or  of 
temporary  closing  down  of  plants.  We  invite  sug- 
gestions and  criticism  of  a  constructive  nature  from 
all  sources. 


WILL  YOU  VOLUNTEER? 

The  United  States  Fuel  Administration  has  placed  an  urgent  call  for  volunteer 
help  in  connection  with  the  inspection  of  boiler  plants  and  power  houses  thruout  the 
State. 

The  work  consists  of  making  a  cursory  inspection  of  such  power  plants  or  manu- 
facturing boiler  plants,  upon  advisement,  in  locations  convenient  to  jour  resilience  or 
business  office.  These  inspections  would  not  take  over  an  hour  at  the  plants,  and  are 
simply  to  be  answered  "yes"  or  "no"  in  checking  up  the  reports  of  the  manufacturer  or 
ow  ner  in  such  questions  as:  Are  the  steam  pipes  properly  jacketed ;  is  the  feed  water 
heater  used:  and  other  matters  of  similar  tenor. 

Members  of  the  Engineers'  Club  of  Philadelphia: 
Are  you  willing  to  do  this  from  a  patriotic  standpoint? 

As  this  matter  is  of  great  importance  in  view  of  the  contemplated  fuel  shortage 
next  winter,  kindly  advise  the  Secretary's  office.  Kngineers'  Club,  immediately,  and 
you  will  be  enrolled  as  volunteer  inspectors  and  provided  with  proper  cards  of  certifi- 
cation which  will  be  issued  from  Washington. 
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EDGAR  MARBURG 

1864—1918 


AT  the  meeting  of  the  Board  of  Directors  of  the  Engineers'  Club  of  Philadelphia,  hetd  July  9th,  1918, 
the  following  preamble  and  resolution  was  unanimously  adopted: — 

"  The  Engineers'  Club  of  Philadelphia  learns  with  profound  sorrow  of  the 
death,  on  June  27,  1918,  of  its  beloved  fellow-member  and  Past  President, 
Edgar  Marburg.  The  Engineers'  Club  has,  in  the  death  of  Edgar  Marburg, 
lost  one  of  its  most  valued  members,  whose  loyal  service  has  left  a  deep  im- 
pression on  the  history  and  development  of  the  Club,  whose  scholarship  has 
earned  him  an  international  reputation  and  whose  personal  influence  has 
helped  the  members  in  their  work  and  professional  advancement. 

The  Engineers'  Club  extends  to  his  family  its  warmest  sympathy  in  their 
bereavement  and  sorrow ;  and,  as  an  acknowledgment  of  his  loyalty,  brilliant 
leadership,  kindly  sympathy,  ready  helpfulness  and  professional  ability,  it  is 
directed  that  this  resolution  of  condolence  and  regret  be  published  in  the 
Journal  of  the  Engineers'  Club,  together  with  a  sketch  of  his  life." 


Edgar  Marburg,  a  member  of  the  Engineers'  Club  of 
Philadelphia  since  October  21,  1893,  was  born  in  Shreve- 
port,  Louisiana,  March  4,  1864.  He  was  graduated 
from  Rensselaer  Polytechnic  Institute,  Troy,  New 
York,  in  1885,  with  the  degree  of  C.E.  Later,  upon  the 
completion  of  the  present  Engineering  Building  of  the 
University  of  Pennsylvania,  he  was  honored  with  the 
degree  of  Sc.D.  Four  years  ago,  the  degree  of  LL.D. 
was  conferred  on  him  by  Franklin  and  Marshall  College. 

In  1895  and  1896  Professor  Marburg  was  elected 
one  of  the  Directors  of  the  Engineer's  Club,  and  in 
1900  was  elected  President,  lie  was  Chairman  of  the 
Committee  on  Public  Relations  in  1912,  a  committee 
first  appointed  during  that  year;  and  from  March  21, 
1908,  until  his  death  was  one  of  the  Trustees  of  the 
Bond  Redemption  Fund. 

Professor  Edgar  Marburg  held  the  chair  of  Civil 


Engineering  in  the  University  of  Pennsylvania  for 
twenty-six  years,  and,  in  conjunction  with  the  late  Pro- 
fessor Henry  \V.  Spangler,  deserves  credit  for  having 
planned  the  present  engineering  laboratories  at  the 
University. 

He  was  Secretary  of  the  American  Society  of  Test- 
ing Materials,  a  member  of  the  American  Society  of 
Civil  Engineers,  and  the  Society  for  Promoting  Engi- 
neering Education.  He  contributed  to  various  engi- 
neering journals,  and  was  connected  editorially  with 
the  Engineering  S cxus-Record.  His  most  complete  and 
im|Kirtant  work  was  entitled  "  Framed  Structures  and 
Girders." 

Professor  Marburg  is  survived  by  his  widow,  who 
was  Miss  Fannie  Moncure,  of  Shrcvcport,  Louisiana,  his 
father  and  mother  and  four  children,  his  only  son  being 
at  present  in  the  United  States  Army. 
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Not  only 
different  in 
design,  but 
different  in 
character 
of  service 
rendered 

"PWi )  valves  may 
^  j".  seem  very  much 

C  |  3  alike,  but  in  service 

B  .., Jj  their  pertonnance 

^■»»  as  night  and  day. 

■  This  difference  may 

be  due  to  the  metal, 
the  design,  or  the 
workmanship.  But  wherever  it  is,  it  usually 
can  be  found.  Take  a  cross  section,  like 
thai  (if  the  NELSON  valve  shown  above,  and 
examine  it  thoroughly. 

Heavy  Steel  Castings  throughout.  Full, 
clear  opening  of  port  when  discs  are  raised. 

The  double  disc  gate  consists  of  two  separate 
discs  on  a  central  wedge,  closing  against 
tapered  seats.  Accurately  machined  guides 
in  the  body  hold  the  discs  in  line  during 
travel,  take  the  strain  and  pa-vent  chattering 
and  scraping  of  seats.  Discs  move  freely  in 
these  guides  to  their  lowest  point  and  are 
then  wedged  tightly  against  the  seats,  rock- 
ing on  the  wedge  into  any  position  required 
for  perfect  seating.  Great  flexibility  is  thus 
secured  in  the  seating  mechanism. 

Seat  rings,  disc  faces,  stem  and  bonnet  bush- 
ing are  monel. 

Hand  wheel  has  cork  grips. 

Valve  can  be  packed  when  open. 

Bonnet  is  exceptionally  high,  providing  a 
deep  stuffing  box  and  long  condensing  cham- 
ber. This  contributes  to  long  life  of  packing. 

Write  us  for  list  of  important  plants  where 
NELSON  Steel  Valves  are  giving  daily 
satisfaction. 

Nelson  Valve  Company 

7634-40  Queen  St. 
Chestnut  Hill,  Philadelphia 


NELSON 

STEEL  VALVES 


Operation 

In  rloi'flg  valve, 
thouldtf  "S"  Of) 
plunger  "V"  fri- 
g-get the  loose 
t«llowor  glftftd 
"F,M  compress- 

■■  »• 

abea*  anil  belt* 
the  pirl,  miking 
an  absolutely 

tight  laiv*. 


In  the 

World's  Largest 
Locomotive 
Works 

Arc  thrre  many   nwn  tnorr 

I  ,l|i.llil<' ImiliT  rquip- 
nti-nt  Hum  iIkmi:  iii  <  luirgi-  of 
Aitit-ri<ia'»  \»g  liK-oniotivr  in- 
Huvlrir*  ? 

NV  think  not. 

I'll'-  milking  Of  liming  of  lx>ilrr 
a«*»wiri»  u  an  important  part 

•  ■(  Itirir  InminrM. 

Kipiipmrnt  i«  rhovn  for  their 
own  IkmKt  room*,  t  lirrrforr.  on 
tile  Iiumi  of  merit  in  prrform- 

amv, 

taatUMlUvf  anil  Kntrinr  Munii- 
furtun-r*  hk  Ii  n«  tlir  following 

halve  boflen  Bttod  with  VWt- 

WAY  ifoniKTlv  Sini|>lr\'i  Sent- 
It-.M,  III.   ,  i  HI  Ynlvea: 

Baldwin    Locomottva  Workr. 

have   17 

American  Locomotive  Co.  have  49 
Lima  Loc ontotivr  Corporation 

have   U 

Intcraatioeat    Engine  Wnrki. 

Amherei.  N.  S  .  have  1 3 

l^ttiaT  lift*,  infrvfjierol  rvnairr.  alrarnre 
of  trait,  ami  ditea.  (mitra-trd  parkine* 
akirh  Udt  fr.  'ii  lax,  In  arvea  rear*, 
raw  ami  certainty  id  oprralMie, — nrr 
•uBIr  of  tarfreturr*  ,tf  lfai»  drprndatdr 
Ui.a  ..ft  ralvr. 
Try  nw  for  rill  day*. 
VYritr  1,-lay  tuiiaa  utr  t,f  liar,  and 
ahrltirr  aafflr  tie  alraifc-btway.  nanffa 
or  «rrra , 

Yarnall-Waring  Company 

7634-40  Queen  Street 
Cheatnut  Hill  Philadelphia 

l.enrn  the  good  jtoint* 
of  other 

products 

YARWAY  V-Nutrk  M.lrr  ailk  Lea 

Krronlrr. 

'i  \NW\Y  if..rairflv  Siaplm  Pipe 
l.iinl  I  lamp. 

>  »U»Ai   li  ...  ■   ■ 

\AKWAY  Hydraalir  V.lv.  (Caakey 

Paleetal . 

YMOVAY  Adiu.tatilr  Spray  Head 
(C.  C,  TS..ai«.  Pelrnlal. 

*  IM  \Y  ■•(artiliil  aed  Pre.. err  IV 
loader  Hi.  hard.  Palrnlil. 

Writr  t,,r  Particular*. 
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COMMITTEE  ON  MEMBERSHIP 


PALX  SPENCER,  Chairman 


CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  August  12  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club,  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

THOMAS  WILLIAM  CLARKE 

Emergency  Fleet  Corporation,  140  X.  Broad  St..  Philadelphia. 
Traveling  Engineer.  I'.  S.  Shipping  Hoard,  Emergency  Fleet 

Corporation. 
Proposed  by  E.  F.  Cobb  and  Edwin  Smith. 

JOBR  J.  A.  DEVIRE 
1719  Arlington  St..  Philadelphia. 
Field  Engineer  with  Keystone  State  Construction  Co.  Broad 

and  Filbert  Sts..  Philadelphia. 
Proposed  by  Wm.  Pool  Parker  and  S.  M.  Swaab. 

JAMES  PACE  BARBESOH.  JR. 

ijoo  Eldridgc  Ave.,  West  Collingswood,  X.  J 
Plant  Engineer,  Camden  Forge  Company.  Camden.  X  J 
Proposed  by  R.  G.  Coolbaugh  and  A.  C.  Wood. 

W1TOLD  LESIIIEWSKI 

Emergency  Fleet  Corporation,  140  X.  Droad  St..  Philadelphia. 
Assistant  Power  Specialist.  Emergency  Fleet  Corporation. 
Proposed  by  Walter  X.  Polakov  and  J.  F.  Stevens. 

RALPH  H.  L0VELL 

140  X.  Broad  St..  Philadelphia. 
Chief  Knginecr,  I'.  S.  Shipping  Board.  Emergency  Fleet  Cor- 
poration. 

Propped  l.y  \V.  P.  Taylor  and  B.  A.  Haldcman. 


ROBERT  JOSEPH  LYONS 

Emergency  Fleet  Corporation,  140  X.  Broad  St..  Philadelphia. 
Assistant  Purchasing  Officer,  Emergency  Fleet  Corporation. 
Proposed  by  A.  1-.  Rohinson  and  J.  J.  Staley. 


LIHB  O.  MORROW 

19th  and  Hamilton  Sts.,  Philadelphia. 
Sales  Fngineer,  Cutter  Eke.  and  Mfg.  Company. 
Proposed  by  II.  P.  Liversidgc  and  H.  C.  Alhrecht- 

CHARLES  W.  PARKHVRST 

1 120  Commercial  Trust  Bldg  ,  Philadelphia. 
Engineer.  Berwind-Whitc  Coal  Mining  Co. 
Proposed  by  H.  F.  Sanville  and  J.  F.  Stevens. 

EDWARD  P.  ROBERTS 

79  Atlas  St.,  Akron.  Ohio. 
Efficiency  Kngincirr.  The  Philadelphia  Rubber  Works,  Akron,  Ohio. 
Proposed  by  Houston  Dunn  and  W.  I..  Plack. 

DAVID  T.  WILLIAMS 

The  Kennington,  ijjo  Pine  St  .  Philadelphia. 
Mechanical  Engineer,  Emergency  Fleet  Corporation,  Phila- 
delphia. 

Proposed  by  W    P.  Taylor.  U.  A.  Haldcman  and  Philip  S. 
lyre. 


P0S1TIC 

Wanted. — A  combustion  engineer,  with  experience  in  fuel  oil 
and  natural  gas  combustion,  (or  each  of  the  following  districts: 
Boston.  Providence,  New  York  City.  Philadelphia.  Pittsburgh. 
Buffalo.  Detroit.  Chicago.  Minneapolis,  Tulsa.  New  Orleans,  and 
San  Francisco. 

Il  is  desirable  to  have  these  men  act  as  volunteers  where  pos- 
sible, but  the  administration  is  prepared  to  pay  a  reasonable  com- 
pensation for  men  who  cannot  afford  to  give  their  services  to  the 
government. 

Apply  to  Mr.  W.  Champlain  Robinson. 

Director  of  Oil  Conservation. 
1'nitcd  States  Fuel  Administration, 
Oil  Division. 
Washington.  I).  C. 

ENGINEERS'  CLUB 


NS  OPEN 

Wanted. — Safety  engineer,  preferably  a  graduate  in  mechani- 
cal engineering.  Must  be  tactful  and  able  to  meet  engineers  of 
large  companies,  as  well  as  State  official*.  Man  in  Class  I,  i  or  4 
preferred.   Splendid  opportunity  for  advancement. 

Apply  22U-A.  Engineers'  Club. 

Wanted.— Young  ntn,  technical  graduates,  to  teach  111  Ground 
School  for  Aviators.  Teaching  experience  not  required.  Special 
arrangements  for  men  in  the  draft. 

Apply  >_M-A.  Engineers'  Club. 

OP     PHILADELPHIA  406 


Digitized  by  Google 


ENGINEERS' 


CLUB  OF  PHILADELPHIA 
IIIIMMIIIIIIII 


l$o-!crttn  halftone  made  for.  and  used  by  permijjivm.  of 
The  Draw  Contracting  Company,  Engineering  Works  De- 
partment, Pittiburgh,  Manufacturer j  cf  the  Dram  Whirler. 

Success 

in  obtaining  a  forceful  yet  artistic  illus- 
trative expression  in  advertising  is  not 
accidental  with  us. 

Our  expert  craftsmen 

study  each  subject  from  the  standpoint 
of  reproductive  use,  and  engrave  a  plate 
predestined  to  satisfaction. 

The  scope  of  our  service 

covers  everything  known  to  the  modern 
science  of  engraving — also  we  offer  our 
patrons  a  thoroughly  trained  art  staff  for 
photograph  retouching. 

If  you  know  all  about 
engravings, 

we'll  follow  your  instructions  implicitly, 
or  give  you  the  benefit  of  our  years  of 
experience  in  aiding  you  to  obtain  exactly 
what  you  require. 

Phone  or  write  for  our  expert  to  call 
upon  you.  . 

Chestnut  Street  Engraving 
Company 

702  Chestnut  Street 
PHILADELPHIA 


Bell  Phone: 
Walnut  MIS 


KcyttOM: 
Main  31 8<; 


Will 


AMERICAN 

STILL   SPLIT  "  V 

r  PULLEYS  1 


were  never  in  greater  demand 
than  they  are  today 

W/ITH  the  increased  cost  of 
™  *  power  and  the  scarcity  of  fuel, 
the  superior  efficiency  of  the 
American  Steel  Split  Pulleys  of 
necessity  compels  their  use. 

A  loss  of  power  and  fuel  due  to  belt  slip 
and  air  resistance,  that  might  have  been 
overlooked  some  years  ago,  today,  with 
the  high  cost  of  everything  pertaining  to 
jx>wer  development  and  transmission, 
must  be  reduced  to  a  minimum  for  patri- 
otism if  for  nothing  else,  as  it  has  been 
said,  "  Fuel  will  win  tin-  War." 

"Americanize"  your  shop,  and  help  save 
fuel,  by  installing  the  most  efficient  belt 
pulleys  on  the  market — the  American 
Steel  Split  Pulleys. 

Our  booklet  "Getting  Maximum  Pulley 
Efficiency*'  contains  valuable  data  show- 
ing the  importance  of  the  proper  selection 
of  belt  pulleys.    Sent  free  on  request. 

THE  AMERICAN 
PULLEY  COMPANY 

4200  Wissahickon  Avenue 

PHILADELPHIA,  PA. 
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SECRETARY'S  NOTICES 


ABSTRACT  OF   MINUTES  OF  ORGANIZATION 
MEETING  OF  THE  BOARD  OF  DIRECTORS 
THE  ENGINEERS'  CLUB  OF 
PHILADELPHIA 

JOHE  ».  Ulg 

The  meeting  was  called  to  order  at  7.15  r.xt.  with 
President  Stevens,  Vice  Presidents  F.glin  and  Wagner, 
Directors  Connell,  Gant.  Long.  Spencer,  Swaab,  Lee, 
Douglas.  Past  President  Carter,  Treasurer  Kenney  and 
Secretary  Stockly  in  attendance.  Vice  President  An- 
drews, Directors  Hayward,  Lauer,  Murphy,  Quiiuby, 
Terrell,  Ehle,  Barr,  Past  Presidents  Lednux  and  Vog- 
lcson  were  excused. 

The  President  announced  the  appointment  of  the 
following  Committees  for  the  year  beginning  Julv  I, 
1918: 


Free tithe : 

J.  Franklin   Stevens.  Chair- 
man. 
Wm.  C.  L.  Eglin. 

Finance : 
Walter  E.  Long.  Chairman. 
Paul  Spencer. 
Guilliacm  Acrtscn, 

//>».(.• : 

Wm.  Pool  Parker.  Giairman. 
H.  P.  Gain, 
M.  M  Trice. 
E.  F.  Colli.. 

Tapers : 

Lewis  H.  Kenney.  Chairman. 
David  K.  Smiley. 
Wm.  Pool  Parker. 
S.  M.  Swaah. 
H.  F.  Sanville. 

David  E.  Smiley.  Chairman. 
Samuel  T.  Wanner. 
John  P.  Mndd. 

.V,  Yfiin/.f : 

S.  M.  Swaah.  Giairman. 
Lewis  H.  Kenney. 
J.  A.  Steinmetz  (  A  S. M  E.) 
C.  H.  Voynow  (  A.S.I \E.  > 
W.  P.  Dallctt  (W.T.C.l 
R.  E.  Page  (M.I.T., 

Membership: 
1'anl  Spencer.  Chairman. 
A.  W.  Bartlett. 
H,  F.  Sanville, 


Jos.  C.  Wagner, 
H.  P.  Gant, 
Walter  E.  Long. 


I-ewis  H.  Kenney, 
George  R.  Henderson. 


H.  F.  Sanville. 
Gias.  }■',  Iszard, 
M.  B.  Allen. 
Chas.  F.  PutT.  Jr 


II.  P.  Gant. 
t    A.  Steinmetz. 
G.  M.  Spear. 
C.  K.  Snare, 
M.  W.  Franklin. 


Lewis  II.  Kenney. 
George  A.  H<>adley. 


A.  P. Goldsmith  <  A.S.tl.Y.F.) 
C.  K.  Clewell  (I.E.S.i 
C.  C.  Illack  iT  SC  > 
\.  S.  Pringlc  iS.  A.E.I 
 (AI  RE  > 


A.  C.  Wo,,. I. 
Chas.  F.  Puff.  Jr. 


Tublie  Relations : 
George  K.  Henderson.  Chair- 
man. 

Emmctt  B.  Carter. 
Kohert  H.  Fernald. 
S.  L  Kncass  i  A.S.M.E.  ) 
A.  F.  Damon,  Jr.  (A.S.C.E.  > 
George  A.  Denny  I  W.T.C.) 

Trustees  vf  the  Hond  Redemption  Fund: 

Henry  Leffmann.  Chairman.  Edwin  F.  Smith. 
Edgar  Marburg. 


Thomas  Sproulc  (I.E.S.) 
C  J.  Walton  i  M.I.T.) 
H.  W.  Forster  <  P.S.C.) 
W.  H.  Palmer.  Jr.  <  S.A.E.) 
M.  W.Franklin  (A.S.H.V.E.) 
 i  A.I  E  E.) 


Tellers : 
George  E.  Crofoot,  Giair- 
man. 
John  P.  Mudd, 

II  y- 1,  a  u  s  : 

Robert  1 1.  Fernald. Chairman. 

Robert  M.  Barr. 

John  C.  Trautwine.  Jr. 

Xational  Service: 
(•iiilliaem    Aertsen,  Chair- 
man. 
Wni.  C  L.  Eglin. 

Increase  of  Membership: 
H   F.  Sanville.  Chairman. 

Affiliated  Societies: 

Carl  HeritiR.  Chairman. 
J.  A.  Branegan, 

Kuildiiui : 
F.  C.  Dunlati.  Chairman. 
S  M.  Swaab, 
Wm,  H.  Council, 

Consenulioii  of  Fuel: 
Walton  Clark.  Chairman. 
George  R.  Henderson. 
Robert  H-  Fernald, 
Emmctt  B.  Carter. 

Life  Membership: 
W.  P.  Dallctt.  Chairman. 
Carl  Heriug. 
Wm.  C.  I..  Egtm, 


George  A.  Dickcl. 
Chas.  F.  Puff.  Jr., 
Stewart  A.  Jellett.  Jr. 


Wm.  H.  Connell. 

T.  D.  Just. 


F.  K.  Worley. 
Walton  Clark, 
J.  W.  l.cdoux. 

(Additional  members  to  be 
appointed > 

W.  L.  Black, 
Howard  W.  Dub- -is. 


Vn«t»n  F  llibbs. 
Wm,  Pool  Parker. 


H.  F.  Sanville. 
K   I.  Moody. 
A   C.  Wood. 


Wm.  Pool  Parker, 
Wm.  H.  W  alters. 


It  was  recommended  that  the  Executive  Committee 
be  empowered  to  elect  members  during  the  summer 
months. 

.-It-lion:  Recommendation  approved. 
Mr.  H.  A.  Stockly  was  elected  Secretary  of  the  Club 
lor  the  year  beginning  July  1,  1918. 

The  meeting  adjourned  at  10.10  r.M. 
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ANNULAR  BALL  BEARINGS 

(Sin«le  and  doubU  row) 


TAPER  ROLLER  BEARINGS 


Fordt) 


STANDARD  ALLOY  STEEL  BALLS 


Improved  Type 

TAPER  ROLLER  BEARINGS 


WIRE  WHEELS 


STANDARD  ROLLER  BEARING  CO. 
PHILADELPHIA,  U.  S.  A 

Sales  Qffica: 

DETROIT  93*  Woodward  Annua 

CHICAGO  2206  S.  Michigan  Avenue 
INDIANAPOLIS  822  Hnrae.Man.iir 

BOSTON  16)  Maaaechuaetta  A< 

CLEVELAND  2062  Euclid  Areniw 
SAN  FRANCISCO  4 1  Spear  Sued 


ABSTRACT  OF  MINUTES  OF  SPECIAL  MEETING 
OF  BOARD  OF  DIRECTORS,  THE  ENGINEERS' 
CLUB  OF  PHILADELPHIA 

JULY  ».  WIS 

The  meeting  was  called  to  order  at  7  p.m.,  with 
President  Stevens,  Vice  President  Wagner,  Directors 
Long.  Spencer,  James,  Quimby,  Lee,  Newkirk,  Treas- 
urer Kenney  and  Secretary  Stockly  in  attendance.  Mr. 
Guilliaem  Aertsen,  member  of  the  Committee  on 
Finance,  was  also  present,  on  request.  Vice  Presidents 
Andrews  and  Kglin.  Directors  Connell,  Gant.  Swaab, 
Murphy.  Douglas.  Terrell,  Barr.  Past  Presidents 
Ledoux,  Carter  and  Vogleson  were  excused. 

The  minutes  of  the  Regular  Meeting  of  June  11, 
1°18.  and  the  Organization  Meeting  of  June  19.  1918, 
as  issued  to  the  members  of  the  Board,  were  approved. 

REPORT  OF  THE  PRESIDENT 

A  suggested  draft  of  resolution  prepared  by  Doctor 
1  lering  and  Mr.  Kenney,  to  be  sent  by  the  Board  to  the 
family  of  Doctor  Marburg,  was  adopted,  to  be  edited 
by  the  President. 

Doctor  Carl  1  lering  was  appointed  to  till  the  vacancy 
existing  in  the  membership  of  the  Trustees  of  the  Bond 
Redemption  Fund  by  reason  of  the  death  of  Doctor 
Marburg. 

REPORT  OF  THE  SECRETARY 

The  following  deaths  are  announced: 

Rudolph  R.  Baizley  (active),  elected  June  20.  1885. 
died  June  4.  1918. 

Edgar  Marburg  (active),  elected  October  21,  1893. 
died  June  27.  1918. 

James  T.  Maxwell  (active),  elected  November  29, 
1*715.  died  May  jj,  1918. 

Harrv  \V.  Prince  (junior),  elected  December  31, 
1915,  died  June  11,  1918. 

Resignations  from  the  following  members  were 
presented  and  accepted : 

C.  H.  Cluihbuck  W.  S.  Nichols 

Henry  A.  UuRhlin  J.  W.  Walker 

Edward  Upton  H.  R.  West 

REPORT  OF  THE  TREASURER 

The  Treasurer  presented  a  report  which  was 
accepted. 


REPORT  OF  THE  COMMITTEE  OH  MEMBERSHIP 

At  the  recommendation  of  the  Committee 
following  were  elected: 


the 


To  Active  Membership: 

Robert  H.  Anderson 
Leonard  C.  Itutlcr 
Irancis  W.  Dean 
J.  Price  Ewing 

The  meeting  adjourned  at  9.30 


Jonathan  C.  Hinton 
W.  M.  Marks 
James  H.  Wood. 


H  A. 


Stockly. 
Secretary. 
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COMMITTEE  ON  NATIONAL  SERVICE 


GUILLIAEM  AERTSEN,  Chairman 

"  From  these  honored  dead  u't  take  increased  devotion  to  that  cause  for  xthich  they  gave  the  last 
full  measure  of  devotion;  these  dead  shall  not  have  died  in  vain." — Abraham  Lincoln. 

Barker.  Edward  Williams,  Sergeant    Junior  Member  Died  March  1",  1918,  Camp  Meade,  Admiral,  Md. 

Princk.  Hakky  Waltrr,  Ut  Lieutenant  Junior  Mmibe  r    .  .  ...  ...  .  i:itd  June  11,  1918,  England 


MEMBERS  OF  ENGINEERS'  CLUB  WHO  HAVE  BEEN  CALLED  INTO  SERVICE 
IN   THE  ARMY  OR  NAVY  OF  THE   UNITED  STATES  AS  OF  JULY  25.  1918 

NAME  RANK  CORPS  LOCATION 

Aldrjch,  J.  T  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Allen,  H.  Butler  .Lieutenant  U.  S.  Ordnance  Department  _ .  American  Expeditionary  Forces,  via  New  York 

Allen,  J.  G  Co.  12  Infantry,  Reserve  Officers'  Training  Camp   Fort  Oglethorpe,  Ga. 

Anders,  D.  W  Maior  Company  D,  502nd  Engineers   American  Expeditionary  Forces,  France 

.„„„_,  i  xj  m                 n,j„.                                rt^non~>  w  r  /  Commdg.  Officer,  Raritan  River  Ordnance 

Andrews,  J  H.M....  Major  Ordnance  R.  C.  {  Depot,  Mctuchen,  N.J. 

Aspllndth,  E.  T  Captain   .  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Attbrbury,  W.  W.  ...  Brigadier-General   Director-General  of  Railways   France 

Baker,  W.  D  2nd  Lieutenant  Aviation  Corps  France 

Banister,  E.  S  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D,  C. 

*«™.  h.  p  { vEfiS!  fe£Xr  CmbM^  Mas$ 

BA.XB.F.B    f1"^^nSS^%"--^m  Kxpcdiuona^  Forces,  via  New  York 

Bassett.  F.  H..  Jr  Officers'  Training  School  Camp  Meade,  Md. 

Bacmas,  C.  W  Lieutenant   Co.  "E"  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Bear,  H.  K  Lieutenant  Gas  Defense  Service  Camp  Greenleaf,  Ft.  Oglethorpe.  Ga. 

Beatty.  L.  B   Ensign   U.  S.  Naval  Reserve  Force   ..70S  Parker  Ave..  Collingdale,  Pa. 

Bell.  Frank  P  1st  Lieutenant  Signal  Corps.  Aviation  Section  Gerstner  Field,  Lake  Charles.  Louisiana 

BtscHEBER,  P  2nd  Lieutenant  319th  Heavy  Artillery  Camp  Gordon.  Ga. 

Bbtus,  A.  J.  Major  A.  P.  O.  720,  American  Expeditionary  Forces,  via  New  York 

Biester,  W.  H..  Jr  Corporal  "Co.  E."  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Bishop,  A.  B  2nd  Lieutenant  Call  Field,  Wichita  Falls,  Texas 

Boox.  H.  C  Colonel  ..  In  Charge  of  Construction  of  Railroads,  Wharves,  etc.  Amer.  Exped.  Forces,  via  New  York 

Borden.  J.  M  2nd  Lieutenant  Ordnance  Reserve  Corps  Hudson  Motor  Car  Co.,  Detroit.  Mich. 

Borrbsbn,  W.  Y  3 15th  Infantry  Camp  Meade,  Admiral,  Md. 

Boyd.  P.  F  {EngSnrcr^fficer} U-  S-  Naval  Rcservc  Force  Submarine  Base.  New  London,  Conn. 

Boyd, G   1st  Sergeant  Gas  Service. .A.  P.  O.  717,  American  Expeditionary  Forces,  via  New  York 

Bradford,  J.  S   Major    103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

{Hqrs.  Base  Section  No.  3,  Line  of  Communication. 
A.  E.  P.,  Goring  Hotel,  Grosvcnor  Gardens, 
London,  S.  W.  1 

Bransomb,  E.  D  Ensign  Naval  Air  Service  Naval  Station,  Pensacola,  Fla. 

Bream,  C.  C  Corporal  103rd  Engineers   American  Expeditionary  Forces,  via  New  York 

Brbbn,  J.  W  Captain  Gas  Service,  Engineer  Officers'  Reserve  Corps  _ . .  Amer.  Exped.  Forces,  via  New  York 

Brewer,  P.  C..  Jr.  2nd  Lieutenant   307th  Engineers  American  Expeditionary  Forces,  via  New  York 

Brinton,  J.  W  Lieutenant  Quartermaster  Officers'  Reserve  Depot  Quartermaster,  Baltimore.  Md. 

Britten,  D.  L  Captain  Ordnance  Officers'  Reserve  Corps.. Inspector  of  Ordnance.  Haddon  Apts..  Cleveland.  O. 

Broadubad.  Alex  19th  Reserve  Engineers  ..American  Expeditionary  Forces,  via  New  York 

<-'.  M  -  -  ---W>^^w"'B2Sck,  "B"}  Camp  Meade,  Admiral,  Md. 

Brown.  J.  A   Major   Ordnance  Officers'  Reserve  Corps  Smithtown.  L.  I.,  New  York 

B«°™'  N'  F {aJS&Z&S^^E^ 

Brown.  P.  D  -  19th  Reserve  Engineers  American  Expeditionary  Forces,  via  New  York 

Brown.  R.  V  Lieutenant  Q.  M.  C,  30*  Divisional  Trains  Camp  Meade,  Admiral,  Md. 

Brown,  W.  F  1st  Lieutenant  520th  Co.,  N.  A  Fort  Myer,  Va. 

Brown,  W.  L  Lieutenant  Winchester  Repeating  Arms  Co  New  Haven,  Conn. 

Bryant,  CM   Naval  Coast  Defense  Philadelphia  Navy  Yard 

Butler,  E.  N  1st  Lieutenant  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Cacc a vaio,  Jos  Major   Engineer  Officers'  Reserve  Corps    France 

Cabill,  E.  H  1st  Lieutenant  Ordnance  Reserve  Corps  Washington,  D.  C. 
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Gas  and  Gasoline 

ngmes  ] 


They  do  away  with  the 
boiler  plant  with  its 
expensive  labor. 

Full  engineering  data 
and  other  information 
will  show  you  why  over  ico,ooo  "Ottos" 
are  now  in  use.    Write  today. 


Otto  Engine  Manufacturing  Co. 

SucceMora  to  The  Otto  Got  Engine  Work, 

Main  Office  and  Works: 
33rd  and  Walnut  Street*,  Philadelphia  \f[ 

15-17  South  Clinton  Street,  Chicago 


Safety  First  and  Always 


Safety  Glasses  for  Every 
Industrial  Purpose 

Care  should  be  exercised  in  select- 
ing the  proper  Eye  Protector  for 
each  particular  kind  of  work. 
Safety  Glasses  increase  the  efficiency, 
safety  and  welfare  of  the  workmen. 

LET  US  HELP  YOU— 
Write  for  information  and  prices  on  our  line. 

McINTIRE,  MAGEE  &  BROWN  CO. 

723  Sansom  Street,  Philadelphia,  Pa. 


Gasoline  and  similar  fuels  have  greater 
heat  value  than  coal. 


"Ottos"  do  twice  the  work  for  the 
same  volume  of  fuel.  _ _ 


! 

I 
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D.  J.  NORMOYLE 

Representing 

Alert  Tool  Company 

Machinists  Tools  Ordnance  Work 

Chesapeake  Iron  Works 

Electric  Traveling  Cranes 


237  North  Sixth  Street 
Philadelphia,  Pa. 
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PATENTS 


Procured  for  Inventions  and  Designs.  Trade- 
marks Registered.  Patent  Causes.  Examinations, 
Searches,  etc.  Call  or  send  for  Book  of  Instructions 

WTEDERSHEIM  &  FAIRBANKS 

lr.hr.  A.  Wtedcrtheim  H.  Hayward  Fiirbaaki 

DeLong  Building,  1232  Chestnut  Street 
Philadelphia 

Branch  Office:  Wubinftoa.  D.  C. 


niimi  nun'  Minimi  illinium 


PREPARE 

TO 

SERVE  YOUR  COUNTRY 

IN  THE 

AIRCRAFT  INDUSTRY 

THE 

Y.  M.  C.  A.  SCHOOL 

OF 

AIRPLANE 
CONSTRUCTION 

TRAINS  MECHANICS  FOR 
FACTORY  OR  FIELD 


! 


In 


FOR  PARTICULARS,  APPLY 

AT 

SCHOOL,  717  NORTH  BROAD  ST. 


NDRED     AND  EIGHTEEN 
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Campbell,  C.  C      <  Motor  Co.  13  1   Camp  GreenlcaL  Ga. 

<  Section  "B"  , 

Carney,  R.  E.    {  ^ssJj  gjg'Jjj' }   Pearl  Harbor  Naval  Station  Hawaii 

CflAKCE,  T.  M  Captain  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Cbilds,  H.  P.  1st  Lieutenant  23rd  Engineers  American  Expeditionary  Forces.  France 

Clark.  J.  W  Russian  Railway  Service  Nagasaki.  Japan 

Cleeland.  R  Cadet  Engineer  S.  S.  Neuse  Care  U.  S.  Shipping  Board 

Colgan,  R.  J.  Captain  11th  Regiment  Engineers  Care  of  Adjutant-Gen'l,  Washington,  D.  C. 

r„«„-  r„,,,..„                  r,    ,  •                  /Ordnance  Officers'  Reserve  Corps  1  (  Office,  Chief  of  Ordnance 

Craig.  Coulter  Captain  j  Supply  Division  /  \     Washington,  D.  C. 

Crampton,  G.  S  Major   Director  of  Field  Hospitals,  28th  Div.  .  .American  Expeditionary  Forces,  via  New  York 

Crowther.  E.  C  1st  Sergeant  Base  Hospitat  No.  38  Second  Regiment,  N.  G.  P..  Armory,  Philadelphia 

Cumings,  C.  A  Captain  Quartermaster  Officers'  Reserve   Ft.  Sam  Houston,  Texas 

Custer,  E.  A  Major  Ordnance  Officers'  Reserve  Corps  Chamber  of  Commerce  BWg..  Pittsburgh,  Pa. 

Cutler.  Jambs  B  2nd  Lieutenant  319th  P.  A.  R.  C  Camp  Gordon,  Ga. 

Darlington.  I.  G  1st  Lieutenant  Gun  Section,  Production  Division  Washington,  D.  C. 

Davies,  C.  E...  Lieutenant..  Ordnance  Department,  U.  S.  A  Prankford  Arsenal,  Philadelphia 

Day,  R.  F.   2nd  Lieutenant   Aviation  Corps  3rd  Squadron,  Ellington  Flying  Picld,  Houston,  Texas 

Decbant,  F.  H   Ensign..  U.  S.  Naval  Reserve  Force   Bureau  of  Yards  and  Docks.  Quantico.  Virginia 

Dbrdy.  C.  P  Captain   Ordnance  Officers'  Reserve  Corps   Camp  Lee,  Petersburg.  Va. 

DlLL,  C.  M   Lieutenant  Headquarters  Co.,  10th  Ba.,  F.  A.  R.  D  Camp  Jackson.  S.  C. 

Donnelly,  J.  B   1st  Lieutenant  103rd  Engineers   American  Expeditionary  Forces,  via  New  York 

DoYLB,  T.  H   2nd  Lieutenant   U.  S.  Quartermaster's  Corps   .._   Overseas  Sen.- ice 

Dunlap,  V.  R  Lieutenant  (Jr.)  Ass't  Civil  Engineer,  U.  S.  N  Naval  Air  Station.  Pcnsacola.  Fk. 

Dunn.  M.  L  Ensign  "U.  S.  S.  Connecticut"  Care  Postmaster,  N.  Y. 

•Dyson,  C.  W  Rear  Admiral  Bureau  of  Steam  Engineering,  U.  S.  N  Washington,  D.  C. 

Eckhardt,  J  Corporal  10th  Regiment,  3rd  Training  Battalion  .Camp  Meade,  Md. 

Eisenbrey.  R.  H  Captain  Ordnance  Reserve  Corps  B-l-309  Ordnance  Buildings,  Washington.  D.  C. 

Elcock,  Chas  Captain  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Parr,  Roy  S  2nd  Lieutenant  Engineers'  Reserve  Corps  A.  P.O.  713,  American  Exp"y  Forces,  via  New  York 

Farrell.  J.  E.,  Jr  2ml  Lieutenant  Co.  1  B.  4th  Regiment  Engineers  - .  .     -  -  Camp  Lee.  Va. 

Faust,  W.  D  103rd  Engineer*  American  Expeditionary  Forces,  via  New  York 

Pknton.  Powell  1st  Lieutenant  Aviation  Corps  American  Expeditionary  Forres,  via  New  York 

PbRREE,  D.  S  2nd  Lieutenant  Aviation  Section.  Signal  Corps  Ellington  Field,  Houston,  Texas 

Filbert,  C.  B  Captain    41st  Engineers  American  Expeditionary  Forces,  France 

Fish.  W.  N  1st  Lieutenant  Ordnance  Reserve  Corps  Fort  Sheridan.  111. 

Flovd,  H.  B   Private   Co.  "C"  5th  Pioneer  Infantry  Camp  Wadsworth,  Spartansburg.  S.  C. 

Fokstek.  A.  O  Captain  Army  Supply  Base  59th  St.  and  1st  Ave.,  So.  Brooklyn,  N.  Y. 

Franc.  A  .  Corporal  {^Enpn^rT^V^"1} Fort  Poot°-  Maryland 

Fulweilbr,  J.  E  Lieutenant  Naval  Coast  Defense  American  Expeditionary  Forces,  via  New  York 

Gailing,  H.  W.,  Jr  Private  Marine  Corps  (Aviation)   Philadelphia  Navy  Yard 

Gallagher.  L.  B  2nd  Lieutenant  Railway  Trans.  Dept.,  U.S.  A  P.  O.  717,  American  Expeditionary  Forces.  France 

Gant,  H.  P  Captain  Ordnance  Reserve  Corps  University  Club,  Washington.  D.  C. 

Gardiner,  F.  M.   Lieutenant  U.  S.  Naval  Reserve  Corps   Naval  Training  Base.  Cape  May,  N.  J. 

Garfortii,  Ezra   2nd  Lieutenant  23rd  Regiment,  Highway  Engineers      American  Expeditionary  Forces,  via  New  York 

Gaum,  Carl  G  1st  Lieutenant  23rd  Regiment,  Highway  Engineers  ...American  Expeditionary  Forces,  via  New  York 

Gauthier,  Jordan  2nd  Lieutenant  4th  Platoon,  Co.  "C"  S6th  Engineers. .j20"0  of  lhe  ^^^^j^0^^UiW' 

Gkst.  J.  B.,  2nd  2nd  Lieutenant  Engineer  Officers'  Reserve  Corps  ...American  Expeditionary  Forces,  via  New  York 

Gbtz.  Ralph  P  2nd  Lieutenant  32nd  Engineers  Camp  Grant.  III. 

Gilbert,  W.  T  21st  Railway  Engineers  American  Expeditionary  Forces,  via  New  York 

Gillam,  W.  H.,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

Goldsmith.  H.  P  Naval  Aviation  Training  School  Cambridge,  Mass. 

Goodwin,  H.,  Jr  ....Lieutenant   U.  S.  Naval  Reserve  Force  {*«™  St .  N^L^vSn^ng^D? c! 

Gbacey,  A.  L.  Private  Advance  Ordnance  Depot  No.  4  American  Expeditionary  Forces,  via  New  York 

Graham.  W.  R  1st  Lieutenant  {sis^dOoS^RServJ Aviation  Mob.  Camp.  Camp  Sevier.  Greenville 

Gravell,  W.  H.   Ciptain   Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces,  via  New  York 

Gray,  B.  D  Major  Signal  Corps.  U.  S.  A  Adams  Bldg.,  Washington,  D.  C. 

Gribbbl,  W.  G  Captain  30th  Engineers,  Gas  &  Flame  Division... American  Expeditionary  Forces,  via  New  York 

•Griffin,  R.  S  Rear  Admiral  .  Eng.  in  Chief,  U.  S.  N.  Bur.  of  Steam  Engineering   Washington.  D.  C. 

Grossman.  P.  R  Private  G.  H.  Q.  Amcr.  Expeditionary  Forces  U.  S.  M.  P.  O.  No.  706.  France 

G  WILLI  am,  Mare  R.  M  Captain  21st  U.  S.  Infantry  San  Diego,  Calif. 

Hall,  W.  A  Lieutenant  U.  S.  Navy.  In  European  Waters  Base  17,  Care  of  Postmaster,  N.  Y.  C. 

Hamilton,  H.  A  1st  Lieutenant  Engineer  Officers"  Reserve  Corps  

Harding,  R.  L  1st  Lieutenant  Co.  "F."  32nd  Engineers  Camp  Grant.  Rockford,  Illinois 

Harrower,  R.  A  American  Red  Cross  Ambulance  Corps  France 

Hart,  R.  P.,  2nd  Lieutenant  44th  Engineers  Ft.  Benjamin  Harrison.  Ind. 
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Same  as  Baking  Bread — 

Method  Determines  Goodness! 

Given  the  best  supplies  and  ideal  conditions,  the  inex- 
perienced cook  will  make  a  mess  of  it,  except  by  luck. 
Yet  "Mother"  hits  it  every  time. 

That's  just  the  difference  between  other  kinds  of  babbitt 
metals  and 

AJAX  BULL  BABBITT 

The  highly  perfected  A)ax  ProeeM  and  ill  coned  (oimula.  in  the 
hancU  of  our  espett  metallurgistt  enable  u<  lo  guarantee  thai  lot 
general  purposes  Ajax  Bull  will  wear  longer  and  tun  cooler  than 
Genuine  other  tin  bate  or  lead  base  babhiltj. 

The  Ajax  Metal  Company 
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E.  J.  ROOKSBY 


F«.UuUt  I  ft*) 


Main  Office  and  Worki 
Philadelphia.  Pa. 

New  York 

Sao  FraacMco 


OFFICES; 

Wathrnaf.-w 


at  La 


Southern  Plant: 
Bnrningham.  Ala, 

Chicago 

PnuLunh 
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J.  C.  HAYDOCK 

E.  J.  Rooksby  &  Co. 

ENGINEERS  AND  MACHINISTS 
435  N.  Ittk  Str..t.  PhUadalpkU.  P.. 

Specialist*  in  Engine  Repairs 


i 
i 


Sbosiaa  Two  o{  sur  Portable  Boring  Han  Rebariac  lb*  Oil oder  and  Vaht 
Seata  of  a  Corliai  Kagine  at  nine  time. 

Real  Service.  Reliable,  Efficient  and  Economical,  has  caused 
our  many  patrons  to  think  "ROOKSBY"  when  they  need 
"Engine  Repairs."  Call  on  us  when  you  need  our  class  of 
service,  either  emergency  or  routine,  and  you  will  also  think 
"Rooksby."    We  await  your  call. 
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(the  phoenix 
i  iron  company 


STRUCTURAL 
STEEL  SHAPES 

Manufacturers  of 
Open  Hearth  Steel 

Works: 

PHOENIXVILLE,  PA. 

Main  Office, : 
PHILADELPHIA,  PA. 

THE 

PHOENIX  BRIDGE 
COMPANY 

BUILDINGS,  BRIDGES 
and  other  STRUCTURES 

PHOENIXVILLE,  PA. 
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Hathaway,  H.  K...  Lieut. -Colonel   Ordnance  N.  A  Washington.  D.  C. 

Havens,  C.  R  Meteorological  Squadron,  U.  S.  Signal  Corps  A.  &  M.  College,  College  Station,  Texas 

Hawen,  H.  S  2nd  Lieutenant  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Haydock.  Rogbb  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  Washington  Barracks,  D.  C. 

Hbcbb,  J  Lieutenant  Engineers"  Depot  _■  Washington,  D.C. 

Hkinrich,  K.  W  Lieutenant,  N.  X.  V   U.  S.  S.  Iowa  -  Care  of  Postmaster,  Fortress  Monroe,  Va. 

Henderson,  S.  D  Private   304th  Engineers  Camp  Meade.  Admiral,  Md. 

Hbnry,  J.  C  Sergeant  Headquarters  Dep't  19th  Reserve  Engincers„A.  P.O.  708  Amer.  Exp.  Forces,  via  New  York 

Hbthrrington.  S.  C  Lieutenant  315th  Infantry  Camp  Meade.  Admiral,  Md. 

Hiceev,  Y  Second  Lieutenant  Hqrs,  1st  Bn.,  6lst  Infantry  A.  P.O.  728,  American  Exp'y  Forces,  via  N'ew  York 

Hoixsnbace,  E.  E  ..Major    109th  Infantry   Camp  Hancock,  Augusta,  Ga. 

Hollistbr,  C.J  1st  Lieutenant  Dental  Corps,  28th  Division  American  Expeditionary  Forces,  via  N'ew  York 

Houwkn,  W.  P  CM.  A.  A  United  States  Navy  Air  Station  Cape  May,  N.  J. 

Hw.hr,  Norman  1st  Lieutenant  458th  Truck  Co  Fort  Myer,  Va. 

Hunter,  N.  R   2nd  Lieutenant   47th  Engineers  Camp  Sheridan,  Ala. 

Hutchison,  G.  B  Elec.  School.  Naval  Operating  Base     ..Hampton  Road.  Va. 

Hyland,  G.  N   2nd  Lieutenant.  Mather  Field— Mills  Station  Sacramento.  Cal. 

Jaques.  J.  D  Lieutenant  U.  S.  N.  R.  F..  Public  Works  Dept  __.Navy  Yard.  Boston,  Mass. 

Jf.nsev.  J.  A  2nd  Lieutenant  Client.  Sen-ice  Section,  N.  A.  .  American  University  Exp.  Station,  Washington,  D.C. 

JonK.  R.  R  Officers'  Training  School  for  Coast  Artillery  Fortress  Monroe,  Va. 

Jonbs.  Jonathan  Captain  23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Kennedy,  J.  H  Cadet   8th  Aviation  Instruction  Centre  American  Expeditionary  Forces,  via  New  York 

Kent,  S.  L.,  Jr  1st  Lieutenant  34th  Engineers  \rn.ncan  Exp.-ditionary  Forces,  via  New  York 

Kbrn,  F.  X  Lieutenant  23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Klein.  A.  C  1st  Lieutenant  Production  Section,  Gun  Division   Office,  Chief  of  Ordnance,  Washington,  D.  C. 

Knbass,  E  Ensign  U.  S.  Submarine  Base  New  London.  Conn. 

Knicht,  C.  C,  Jr  Lieutenant   318th  Field  Artillery.  N.  A  Camp  Jackson,  S.  C. 

Kobllb,  W.  F.  B  Sergeant  Signal  Corps  Washington,  D.  C 

Kraus.  P.  T  Sergeant  { Co' " I^~««*Trf«pt»^^t^io»  }  Amer  Exp  Pofces  vjft  ^  Yofk 

Lavekty,  C.  R  -  -.Co.  "F,"  305th  Engineers  Camp  Lee.  Va. 

Lawrbncb,  G.  E  Lieutenant  J.  G  U.  S.  Naval  Res.  Force. .U.  S.  S.  "Nokomis."  European  Waters,  care  Postmaster,  N.  Y. 

Lawson,  T.  W  1st  Lieutenant  109th  Infantry  Camp  Hancock.  Augusta.  Ga. 

Lea,  E.  S  Major   .Artillery  Ammunition  Division   Prankford  Arsenal 

Lees,  E.  A  1st  Lieutenant  -  Company  "E,"  56th  Infantry'  Camp  MacArthur,  Waco,  Texas 

Levin.  J  2nd  Lieutenant  Coast  Artillery  Reserve  Corps  Fort  Hancock,  N.  J. 

H  {  "J*  gSSSSt*}-  Camp  Meade.  Admiral.  Md. 

Lynch.  N.  H  "F"Co.,  6th  U.  S.  Engineers  American  Expeditionary  Forces.  France 

MacGarriglb,  G.  L  Private.  Company  "B,"  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Maclean,  M.  R   Major  Headquarters  5th  Bn„  154th  Dei>ot  Brigade  Camp  Meade.  Md. 

Magbb.  J.  W  1st  Lieutenant  446th  Engineers'  Pontoon  Train  Washington  Barracks,  D.  C. 

Mahan,  J.  H  {U  Ram'fsdiTOirPS} Columbia  University,  New  York  City 

Mallon,  G.  J  Lieutenant  (Jr.)  U.  S.  Naval  Reserve  Force  U.S.  S.  "Mt.  Vernon,"  care  of  Postmaster,  N.  Y. 

Malt-by,  P.  B  Major  Engineer  Officers'  Reserve  Corps    .Army  Building,  New  York 

Mann,  C.  P  1st  Lieutenant  Coast  Artillery  Reserve  Corps  Fort  Revere,  Mass. 

\             1                        !?„.;„,                     it  c  v....i  J    Asst.  Naval  Inspector  of  Ordnance, 

MardaGA,  L.  Ensign   U.  S.  tWal  Keserve  J  orce  J  Al|     s     ,  p.„;„„  p.  „,  t 


Alloy  Steel  Porging  Plant,  Carnegie.  Pa. 
Martin,  T.  S.,  3rd  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps   ...  Washington,  D.  C. 

Maybcrry,  W.  G.,  Jr  Lieutenant  334th  Field  Artillery.  National  Army  Camp  Pike.  Ark 

McCausland.  J.  R..„  {  Ms££r  oSfc" '  }  U.  S.  Post  Office  701,  R.  T.  0.,  American  Expeditionary  Forces,  France 

McClintock,  J.  L  U.  S.  Navy  Radio  Station  Atlantic  City.  N.  J. 

McCord,  J.  B  Lieutenant-Colonel..   Ordnance  N.  A  American  Expeditionary  Forces,  France 

McCormick.  J.  C  1st  Lieutenant  Co.  "C,"  1st  Engineers  American  Expeditionary  Forces,  via  New  York 

McCoy,  J.  F...   2nd  Lieutenant  Aviation  Section.  Signal  Corps  

McGarriglb,  J.  J  1st  Lieutenant  Anti-Aircraft,  Artillery  C.  A.  C  American  Expeditionary  Forces,  France 

McMillan,  H.  L  ..Major  Engineer  Officers'  Reserve  Corps  Camp  Humphrey,  Va. 

Millar.  E.  A.,  Jr  1st  Lieutenant  Ordnance  N.  A  Camp  Hancock,  Augusta,  Ga. 

Mobr,  C.  P   Private  Co.  "B,"  45th  Engineers  Cimp  Humphrey,  Va. 

Moody,  Wm.  M  Reserve  Officers'  Training  Camp  Fort  Oglethorpe,  Ga. 

Moon,  T.  E  Corporal  119th  Ordnance  Depot  Co  Camp  Hancock,  Augusta,  Ga. 

Moran,  J.  B  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Murphy,  H.  C    Ensign  U.  S.  Navy  Bureau  of  Ordnance,  Navy  Dep't,  Washington,  D.  C. 

Meyers,  W.  C  Captain  Ordnance  Officers'  Reserve  Inspection  ^v'»OB{B^UerMPaSteel  ^  C°' 

Mybrs,  W.  T  2nd  Lieutenant  16th  U.  S.  Cavalry  Mercedes,  Texas 

Nbwlin,  B.  M  1st  Lieutenant  312  Machine  Gun  Battalion  Camp  Meade.  Admiral.  Md. 

Nbwlin,  J.  C  Major  Engineer  Officers'  Reserve  Corps  Amer.  Embassy,  London,  care  of  Vice- Admiral  Sims 

Nixdorf,  F.  S   .5:!i  Cimpany,  Const  Artillery  Officers'  Training  Camp  Fort  Monroe,  Va. 

NlXON-MlLLBR,  M  Captain  Captain  Om'd'g  Co.  A.  19th  Engrs.  (Rwy).  American  Expeditionary  Forces,  via  New  York 
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Noyks,  S.  H  1st  Lieutenant  Ut  Aero  Squadron  Columbus.  N.  M. 

•Oaks.  J.  C  Colonel  113th  Engineers  Camp  Shelby.  Hattiesburg.  Miss. 

Ore,  M.  W   2nd  Lieutenant  Field  Artillery,  Separate  Detachment . .  .American  Expeditionary  Forces,  via  New  York 

•Otwell,  Curtis  W  Colonel  319th  Engineers  Camp  Fremont,  Palo  Alto,  Cal. 

Packer,  H.  M  1st  Lieutenant  Park  Aviation  Field  Millington,  Tenn. 

Pbrrt,  Edward..  Sergeant  Motor  Truck  Company  No.  320    Camp  I,ee,  Petersburg,  Va. 

Petrrman,  J.  M  2nd  Lieutenant   5lh  Bn.,  152nd  Depot  Brigade   .   Camp  Upton,  N.  Y. 

Piters.  B.  T.  Chief  Yeoman  .Naval  Coast  Defense   Dept.  Public  Works,  Philadelphia  Navy  Yard 

PfeffSR,  H.  W  1st  Lieutenant  Ordnance  Officer-'  Reserve  Corps...  Bethlehem.  Pa. 

PtCKXliS.  W.  W.  . .  .Chief  Sanitary  Inspector  J  American  Red    J  Extra  Cantonment  Zone  Sanitation, 

panitary  Urn!  No.  2s  \  )         Ctty  Hall,  Augusta.  Ga. 

Pierce,  D.  T  .'  — -  American  Red  Cross  France 

Pike,  Clayton  W  Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Prichett.  F.  B  103rd  Trench  Mortar  Battery  American  Expeditionary  Forces,  via  New  York 

Pooh,  M.  R  Major  21st  Engineers  American  Expeditionary  Forces,  via  New  York 

Rawcliffs,  J.  P.  B  Lieutenant   79th  Field  Artillery  Houston,  Texas 

Raynsford.  CO  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Reed,  R.  W  Private   Hqrs.  19th  Reserve  Engineers,  Railway  Amer.  Exp.  Forces,  via  New  York 

R««>'  »*■"»  °rdoance  Offioe"'  R~™  <*" {  The  Singer^G?  EutbThport.  X.  J. 

1.  C  Major  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 


Rbninger.  H.  A   Major  Headquarters.  103rd  Ammunition  Train.  28th  Div  Amer.  Exp.  Forces,  via  New  York 

Ridge,  R.  S  Sergeant  Oi.  "A,"  23rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Ridgway,  J.  J...  .1st  Lieutenant  Co.  "F,"  318th  Infantry    Camp  Lee,  Petersburg,  Va. 

Ritchie,  J.  M.  Captain    Quartermaster  Officers'  Reserve  Washington,  D.  C. 

Rogers,  C.  B   Private  ...201st  Aero  Squadron..   American  Expeditionary  Forces,  via  New  York 

Rogers,  J.  I  Lieutenant....  United  States  Naval  Reserve  Force  i  _      S-  ?•  "-^ii"'  TfCarcofv 

J  v  Postmaster.  Fortress  Monroe,  Va. 

Roor,  J.  C  Captain  17th  Engineers  American  Expeditionary  Forces,  via  New  York 

Roth,  F.  E  1st  Sergeant  Utilities  Department,  Quartermaster's  Corps  Camp  Meade,  Admiral,  Md. 

Russell,  J.  A  Lieutenant  31 1th  Engineers  Camp  Grant,  Rockford,  III. 

Ryan.  E.  J  1st  Lieutenant  _T.  C.  N.  A  American  Forces  Woraret  Camp,  Wareham,  England 

Sanvlllb,  L.  P  Private   108th  Field  Artillery,  Pcnna.  Troops  Camp  Hancock,  Augusta.  Ga. 

(Massachusetts  School  of  Technology 


Satthrwh.tk.  R.  L..  Jr  Company  20.  Naval  Aviation  Detachment  [^C^b^;^ 

Sauter,  W.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  ..New  York  Arsenal.  Governor's  Island,  N.  Y.  Harbor 

!"  Aeronautical  \ 
Meclianical  \  Signal  Corps,  U.  S.  A  ...Lindsey  Bld'g,  Dayton.  Ohio 
Engineer  J 

tSCHOCH,  J.  B  Lieutenant  109th  U.  S.  Infantry  American  Expeditionary  Forces,  via  New  York 

SCHOFF.  A.  L  1st  Lieutenant  Signal  Corps,  Land  Division  _.  Fort  Worth.  Texas 

Schwbgler,  O.  F  Reserve  Officers'  Training  Camp  Fortress  Monroe,  Va. 

Schweizer,  H.  W  Gas  Defense  Service.  Med.  Dept.,  U.  S.  A  Washington,  D.  C. 

Scull,  M.  A.  H  Lieutenant   Railroad  Transportation  Corps. U.S.  A.  P.O.  717.  American  Exp'y  Forces,  via  New  York 

Shallcross,  J.  B  Lieutenant   Ordnance  Reserve  Corps..  Inspection  Div.,  6th  &  B  St--;.,  N.  W.,  Washington,  D.  C. 

Siiokuakkh,  FxKDKkicK  F   V.  S.  S.  Suzanne.  S  P.  310     Cape  May,  N.  J. 

Shkahan,  J.  C  -  ...2nd  Lieutenant  M.  T.  S.  A.  P.  O.  708,   American  Expeditionary  Forces,  via  New  York 

Shuster,  W.  H-,  Jr  Lieutenant  314th  Infantry  Camp  Meade,  Md. 

Sigmkni).  Pail  E    lit  Rcplaccm.-nt  and  Training  Regiment  of  Engineers.. Washington  Barracks,  Washington,  P.C. 

Smith,  A.  H  Sergeant  {  Q^wterniasttr's  C^?ps  }  Barracks  B  104.  Camp  Meade.  Admiral,  Md. 

H,  W.  S.  Rear  Admiral  Navy  Department Special  Duty.  Naval  Consulting  Board,  Washington,  D.  C. 

X.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  The  Remington  Arms  W.  M.  C.  Co..  Ilion.  N.Y. 

Spaceman,  H.  S  Major   Engineer  Officers'  Reserve  A.  P.  O.  702,  American  Exp'y  Forces,  via  New  York 

Spillan,  J  J.  D  2nd  Lieutenant   103rd  Trench  Mortar  Battery  American  Expeditionary  Forces,  via  New  York 

St.  John,  Everett  1st  Lieutenant  Coast  Artillery  Reserve  Corps  Fort  duPont.  Delaware 

Stf.vesson,  W.  L  Lieutenant  Commander  U.  S.  Naval  Reserve  Force  Care  of  American  Consul,  Bordeaux,  France. 

Stokes,  D.  B   Major  Quartermaster's  Corps.  N.  A  Care  of  Hotel  Burlington,  Washington,  U.  C. 

•Tawrbsbv.  J.  G  Naval  Constructor  Navy  Department  Construction  Officer,  Philadelphia  Navy  Yard 

Taylor,  H  Major..  304th  Regiment  Engineers   Camp  Meade.  Admiral.  Md. 

Tbachbr.  C.  P.,  J*  1st  Lieutenant  Co.  "A"  32nd  Engineers  American  Expeditionary  Forces,  via  New  York 

Thachbr,  C.  H  2nd  Lieutenant  ..  Co.  "A"  510  Engineers*  Service  Battalion..  American  Expeditionary  Forces,  via  New  York 

•Thomas,  R.  S  Colonel  22nd  Engineers  Camp  Sheridan,  Montgomery,  Ala. 

Thomson,  H.  A  1st  Sergeant  Pcnna.  Quartermaster's  Corps  Camp  Hancock,  Augusta,  Ga. 

Thorpe,  A.  W  Corporal  Ordnance  Detachment  "B"  Gunpowder  Reservation,  Edgewood.  Md. 

TlLLSON,  P.  E  Lieutenant  United  State*  Naval  Reserve  Force  U.  S.  S.  "Maine" 

Teuhan.  L.  J.  D  Ensign  U.  S.  Submarine  Base,  Barracks  "E"  New  London,  Conn. 

UhlBR.  W.  D  Major  Quartermaster  Corps,  N.  A  Washington.  D.  C. 

Vauclain.  A.  C  Major  Ordnance  Officers'  Reserve  Corp*  Watertown  Arsenal 


tLieutenant  James  B.  Schoch.  of  the  109th  U.  S.  Infantry,  has  been  cited  for  bravery  by  the  French  Staff  for  his  magnificent  work 
in  re-forming  his  company  alter  it  had  been  cut  off  from  the  main  body  of  troops,  and  his  courag.i  and  coolness  in  fighting  the  way  back 
to  the  new  position. 
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Opposite  Old  Independence  Hall 

The  hontc  nf  th<*  "  Kngravrr-  tluit  lit  int."  n*  »mir  »f  nur  rusto- 
nn-r>  havr  l*vn  |C<"«I  •■rioiifrh  In  (nil  us.  When  you  Mtd 
KnjrmvinKH.  <lon*t  yon  think  llmt  kind  »f  nn  Kn^ta  ver  can 
xrv  i*  you  \>esl  ?    We  «to! 

It.  A.  DaMMI,  Fm  c.  A      i-.  r.  Vlt«Tm. 

GATCHEL  (SL  MANNING 

ftforo.£AC*Avenj 

<>p|>.<itr  Old  liiilf-prculrniv  Hall 

PHILADELPHIA 

Our  Rullltock  Halftone!  are  made  "  apcclal  "  for  the  printing  on 
un-coatm  paper,  lavettlcate. 


Food  and  Money 

Play  as  important  a  part  in  the 
Teutonic  struggle  that  is  taking  place 
on  the  battle  fields  of  Europe  as  any 
other  element  that  enters  into  it.  You 
have  been  advised  and  begged  to  save 
your  food,  and  you  should  do  no  less 
with  your  money.  Every  day  that  you 
save,  provided  you  invest  it  in  some 
Governmental  loan,  adds  to  your  effort 
in  bringing  the  War  to  a  successful 
issue,  and  while  you  are  saving  your 
dollars,  you  need  a  bank  account,  and 
convenience  for  the  saving  of  time  as 
much  as  anything  else,  so  when  you 
think  of  opening  one  come  to  the 

CENTER  OF  THINGS 

THE  THIRD  NATIONAL  BANK  . 

OF  PHILADELPHIA  S 

Opposite  Broad  Street  Station  1 
At 


r 


BRIDGMAN  BROS.  CO. 


Wrought  Pipe 
Plumbing  Supplies 


121  to  131  So.  3Ut  St 


Philadelphia 


Maaufaclumi  and  Jobberi  of 

Iron  and  Brass  Valves,  Fittings,  Etc. 
for  Steam,  Gas,  Water  and  Oil. 


Steam  and  Hot  Water  Boilers- 
Radiators— Pipe  Cut  to  Sketch 


mum  .in  Him 


THE  De  FRAIN 
SAND  COMPANY 

Building 
Materials 

BEACH  AND  BERKS  STS.,  PHILADELPHIA 

WHARVES: 
BERKS  STREET,  DELAWARE  RIVER 

CHRISTIAN  STREET,  SCHUYLKILL  RIVER 

PRODUCERS  OF  STONE,  GRAVEL  AND  SAND 
FOR  CONCRETE  CONSTRUCTION 


'ilMlllllfflMIIIIIMIIIIIIIIIIMIIIIIIIaWIIIIIG 

XV 


Broad  and  Market  Streets 

t  i  i  ii  -  in  mi      .ii  iii.  I    n   minimi. 


DELIVERIES  BY  TEAM.  RAIL  AND  BARGE 
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Vauchan,  D.  I  Captain  Quartermaster's  Corps  N.  A  Camp  Logan.  Houston,  Texas 

Voegelin,  E._  10th  Company  Barracks,  Columbus,  Ohio 

Voclsson,  J.  A  Major  Sanitary  Corps.  N.  A  Camp  Joseph  E.  Johnston.  Jacksonville,  Fla. 

Ward,  R.  C  Captain  Hqr's,  34th  Artillery  Brigade  Fort  Adams.  R.  I. 

Warfbl,  A.  C  2nd  Lieutenant  35th  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Waefel,  J.  P  Senior  Lieutenant  U.S.  Naval  Reserve  Port*  Machinery  Division,  Philadelphia  Navy  Yard 

Watson,  G.  L  Captain  Engineer  Officers'  Reserve  Corps  

Webb,  Walts*  Losing  Major   R.  R.  &  C,  S.  O.  S  .American  Expeditionary  Forces,  via  New  York 

,,•„.„.  p.  ,  /  Reconstruction  Relief  Work  \  ir^„„ 
Webster,  E.  L   .J  Frjcnds.  Umt  o{  lhe  Red  Cross  ]  .  .  France 

Wintz,  E.  M  Asst.  Paymaster  U.  S.  Naval  Reserve  Force  U.  S.  S.  Wcstmount,  care  of  Postmaster.  N.  Y.  C. 

Wheeler,  G.  C   Private  Base  Hospital  No.  18  ..American  Expeditionary  Forces,  via  New  York 

Whitaeer,  J.  H  2nd  Lieutenant  317th  Field  Artillery  Camp  Jackson,  Columbia.  S.  C. 

White,  W.  M.. .Captain  and  Regimental  Adjutant  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

WHITE.  J.  A.  Jr   Private  20th  Division  109th  Infantry  American  Expeditionary  Fores,  via  New  York 

Wild,  H.  J  Captain  Engineer  Officers'  Reserve  Corps  War  Department,  Washington,  D.  C. 

Wilkinson,  R.  W  Engineers'  Training  School  Carnegie  Institute.  New  York 

Williams,  H.  L  ...2nd  Lieutenant  ...Engineer  Officers' Reserve  Corps    Corpus  Christi.  Texas 

Wittb,  W.  E  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  

Womwag,  C.  A  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  J0*08  °HiEh^o3park>M^«nU'  S'  A' 

Wood.  E.  R.  Jr  Captain  18th  Field  Artillery.  N.  A  '.  

WORK,  Leonard  1st  Lieutenant  52nd  Aero  Squadron,  A.  S.  S.  C  American  Expeditionary  Forces,  via  New  York 

Worrell,  H.  S  Lieutenant  Coast  Artillery  School  Fortress  Monroe,  Va. 

Worth,  J.  G  Captain  Quartermaster  Officers'  Reserve  Santa  Ft',  N.  M. 

YotNG,  R.  L  1st  Lieutenant  .Ordnance  Reserve  Corps   Aberdeen  Proving  Ground,  Aberdeen,  Md. 

Zeckwer,  J.R  Ensign  U.  S.  Naval  Reserve  Force  Ship  Inspection  Office.  Philadelphia 

•Zinn.  George  A.  Colonel  District  Engineers'  Office.  Cuitora  House  Portland.  Oregon 

•  Army  and  Navy 


PHILADELPHIA  ASSOCIATION  OF  MEMBERS  OF 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 


H.  H.  QuiMBY,  President 

TIE  following  resolution  was  adopted  at  a  special 
meeting  of  the  Board  of  Direction  of  the  Phila- 
delphia Association  of  Members  of  the  American 
Society  of  Civil  Engineers,  held  July  8,  1918: 

"  Resolved,  That  the  Board  of  Direction  of  the  Phila- 
delphia Association  of  Members  of  the  American  Society 
of  Civil  Engineers  record,  with  the  dct|>cst  regret,  the 
loss  which  they  and  the  engineering  profession  at  large 


C.  W.  Thorn,  Secretary.  131 J  S.  Broad  St. 

have  sustained  by  the  death  of  Edgar  Marburg  on  June 
27,  1918. 

*"  As  a  member  of  the  Board  and  a  Vice-President 
since  April,  1915,  he  was  a  most  faithful  worker  and 
was  always  keenly  alive  to  the  best  interests  of  the 
Society  and  the  Association.  His  remarkable  energy, 
enthusiasm  and  sincerity  will  always  be  remeJtibered 
bv  those  who  were  privileged  to  have  been  associated 
with  him." 


ENGINEERS'  CLUB 


OF  PHILADELPHIA 


412 


Digitized  by  Google 


ENGINEERS'  CLUB  OF  PHILADELPHIA 
■■■■■HBnni  iiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 


I  Patented  I 

PENNSYLVANIA 

All-Steel  Frame  Hammer  Cruahen  foe 
Coal,  Limeatone.  eie. 


COAL  CRUSHERS 

COAL  CLEANERS 

LIMESTONE  MILLS 

CRUSHING  &.  PULVERIZING 
MACHINERY 

PENNSYLVANIA  CRUSHER  CO. 


NEW  YOU* 

30  C'urch  St. 


SUprian  Clrard  Bldg. 
PHILADELPHIA 


mttsburbh 

Peoplt*i  Beak  Bldg. 


teg* 

*•  m 


Bradford  Coal  Clean  era  [or  cleaning  bilu- 
minous  coala  and  reclaiming 
"gobbed  "  coala. 
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ESTABLISHED  1860 


THE  JOHN  BAIZLEY  IRON  WORKS 

ENGINEERING,  BOILERMAKING  AND  MARINE  REPAIR  SHOP 
IRON  AND  BRASS  CASTINGS,  COPPERSMITHING  AND  PLUMBING 
OFHCEi  514  SOUTH  DELAWARE  AVENUE 

SHOPS,  510  TO  514  S.  DELAWARE  AVE.,  500  TO  520  S.  SWANSO.N  ST.,  501  TO  521  S  WATER  ST. 

PHILADELPHIA,  PA. 

HllllllllllllllllllilllllllllllH 
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CHARLES  BOND  COMPANY 

manufacturers  of 
OAK  TANNED  LEATHER  BELTING 

SHAFTING — HANGERS  —PULLEYS 

and  GENERAL  MILL  SUPPLIES 
520  ARCH  STREET  PHILADELPHIA 


1 
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SHERRITT  &  STOER  COMPANY 

INCORPORATED 

MACHINE  TOOLS-RAILWAY  AND  MACHINE  SHOP  EQUIPMENT 


M.  A.  SHERRITT 

VICE  PRES.  A  GEN.  Mt.K. 


603  FINANCE  BUILDING.  SOUTH  PENN  SQUARE 

PHILADELPHIA,  PENNA. 
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AND  AFFILIATED  SOCIETIES 
XXXV-9  SEPTEMBER,  1918  No.  166 


ANNOUNCEMENTS 


SPECIAL  MEETING 

At  Bellkvi  e-Stuatford,  Monday.  September  16,  1918 
8.00  P.  M. 

This  will  Ijo  a  joint  meeting  with  the  American  Insti- 
tute of  Electrical  Engineers  and  the  Association  of  Iron 
and  Steel  Electrical  Engineers. 

Mr.  H.  A.  Hornor  will  present  an  illustrated  address 
on  Electric  Welding— A  New  Industry.  Mr.  Charles  M. 
Schwab  will  preside  at  the  meeting. 

The  address  will  deal  with  the  applications  of  electric 
welding  to  the  shipbuilding  industry. 

Dinner  will  be  served  at  six  o'clock  in  the  Stratford 
Room.    Meeting  will  be  held  in  the  Clover  Room. 

REGULAR  CLUB  MEETINGS 

The  Committee  on  Papers  has  arranged  for  regular  Club 
meetings  during  the  present  fiscal  year  to  be  held  as  follows: 

October  15,  Witherspoon  Hall  January  21 ,  Witherspoon  Hall 
November  1».  Witherspoon  Hall  February  IS,  Withersjxxm  Hall 
Detvmber  17.    Engineers'  Club      March     18,  Witherspoon  Hall 

The  schedule  of  papers  of  the  Club  and  of  the  affiliated 
societies  will  be  prepared  with  a  view  to  close  co-operation 
and  the  development  of  our  affiliation  idea. 


SPECIAL  MEETINGS 

Special  Club  meetings  will  be  arranged  during  the  year 
as  opportunity  offers.  The  Committee  desires  that  mem- 
bers volunteer  to  present  papers  on  research  and  other 
subjects  which  are  of  special  technical  value. 

TUESDAY  NOON  LUNCHEONS 

The  Committee  is  co-oi)crating  with  the  Committee  on 
House  by  arranging  for  speakers  for  our  Tuesday  noon 
luncheons.  The  addresses  are  informal  and  it  is  the  desire 
of  the  Committees  that  the  subjects  presented  be  of  general 
interest  to  the  membership  who  attend  these  luncheons. 
Suggestions  by  the  membership  as  to  speakers  and  subjects 
for  their  addresses  are  invited. 

JUNIOR  PRIZE 

The  Junior  Prize  provided  during  the  past  two  years 
by  the  Board  of  Directors  is  again  to  be  competed  for. 
The  rules  governing  the  award  of  prize  were  published  in 
the  August,  1917,  Journal  of  the  Engineers'  Club.  The 
Committee  desires  that  the  Juniors  take  an  active  interest 
in  this  subject  because  the  prize  was  offered  with  a  view 
to  stimulating  the  preparation  of  technical  papers  by 
Junior  members. 

LEWIS  H.  KENNEY, 
Chairman,  Committee  on  Papers. 
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WAR  STATUS  OF  GASOLINE  AND  FUEL  OIL* 

By  JOHN  D.  GILL, 


Xot  before  the  opening  of  the  pres- 
ent world  conflict  has  petroleum  or  its 
products  ban  called  upon  to  play  a 
very  important  part  in  war.  Iron,  food, 
clothing,  solid  fuels,  in  times  past,  have 
been  indispensable ;  today,  however,  pe- 
troleum products  are  just  as  necessary. 
If  Germany's  supplies  of  petroleum,  and 
especially  of  gasoline  or  its  satisfactory 
substitute,  could  be  taken  from  her.  her 
artillery  would  be  blinded,  her  subma- 
rines made  impotent ;  her  wounded  would 
often  lie  afield  helpless!  her  soldiers 
compelled  to  fight  at  times  hungry  and  at 
times  without  munitions,  and  her  defeat 
materially  hastened.  Hecausc  these  prod- 
ucts are  so  essential  to  our  enemy,  they 
become  exen  more  essential  to  us 
who  must  overcome  the  handicap  of  de- 
ferred preparation  and  greater  distance 
from  the  principal  scenes  of  activity, 
since  besides  all  that  they  can  be  to  Ger- 
many, for  us  petroleum  products  must 
also  he  the  savers  of  cargo  space,  the 
speeders  of  ships,  protectors  of  our 
tiansports,  and  a  right  arm  to  our 
railroads. 


THK  past  year  has  been  a  time  peculiarly  suited  to 
engineers  to  give  their  thoughts  to  the  bigger  prob- 
lems of  the  day— to  the  correlation  of  economic 
facts  and  technical  conditions ;  to  face,  not  so  much  ques- 
tions of  what  is  the  best  way  of  doing  things,  but  what 
is  the  thing  to  be  done.  And  then  with  the  available  re- 
sources of  men  and  materials  to  go  and  do  it :  to  compare 
needs  with  resources  and  see  to  it  that  war  demands  are 
first  supplied.  Therefore  on  this  line  of  reasoning  I  may 
be  permitted  to  hit  the  high  spots  of  the  present  subject ; 
to  gloss  over,  with  a  few  old  matters  in  some  new  rela- 
tions, a  deficiency  of  new  and  experimental  facts  which 
for  obvious  reason  cannot  now  be  presented :  to  advance 
a  theory  or  two  on  the  solution  of  other  problems  and 
to  make  suggestion  of  some  economic  possibilities. 

•  Presented  at  the  Annual  McctinR  of  The  EnKinccrs'  Club 
of  Philadelphia.  May  21.  1918. 


WHAT  ARE  GASOLINE  AND  FUEL  OIL? 

At  this  time  1  want  to  answer  very  briefly  the  ques- 
tion, "  What  is  gasoline  and  what  is  fuel  oil?  "  Gasoline 
is  essentially  a  complex  mixture  of  the  lighter  and  more 
volatile  hydrocarbon  compounds  found  in  most  crude 
petroleums — a  substance  which  readily  mixes  with  air  to 
form  an  explosive  mixture — and  obtained  in  the  first  dis- 
tillation. It  has  no  definite  specific  gravity  nor  a  definite 
boiling  point :  its  use  very  largely  determines  its  general 
character  and  its  specific  properties. 

Chemically,  gasoline  is  a  mixture  of  numerous  normal 
and  iso  compounds  for  the  most  part  of  the  so-called  par- 
affin series,  ranging  from  the  gaseous  butane,  C^H^,,  to 
the  comparatively  viscous  dodecane,  CjjH,,,  and  con- 
tains about  84  per  cent,  carhon  and  16  per  cent,  hydrogen. 
<  For  special  purposes  the  range  of  compounds  is  much 
smaller,  as,  for  example,  between  QH,,  and  C,H„.) 
These  compounds  are  colorless  and  emit  a  faint  ctheral 
odor  which  by  the  oil  man  is  called  "  sweet  "  to  dis- 
tinguish it  from  the  odor  of  the  pungent,  unsaturated 
and  sulphur-bearing  derivatives  of  petroleum. 

Commercially,  and  |>erhaps.  for  our  present  purpose, 
a  better  definition,  gasoline  is  a  mixture  of  these  light 
petroleum  distillates  to  which  have  been  blended  in  vari- 
ous proportions  the  very  light  and  extremely  volatile 
hydrocarlwns  pressed  (or  absorbed)  out  of  "wet"  cas- 
inghead  or  natural  gas;  and  the  treated  light  distillates 
which  result  from  the  destructive  distillation  of  heavy 
hydrocarbons  by  the  process  known  commonly  as  "  crack- 
ing." What  the  final  value  of  the  mixture  shall  be  is  de- 
termined by  the  quality  of  these  three  constituents,  and 
the  proportions  in  which  they  are  used. 

The  fundamentals  of  good  motor  gasoline  are  that  it 
shall  contain  enough  very  light  constituents  to  permit 
easy  starting  of  the  engine  and  little  or  no  heavy  hydro- 
carbons to  unduly  retard  combustion  or  give  rise  to  in- 
complete combustion ;  and  it  shall  contain  nothing  that 
will  not  burn  in  the  engine  cylinder  under  operating  con- 
ditions. Such  material  will  contain  constituents  which  if 
isolated  would  boil  violently  when  placed  in  the  palm  of 
the  hand— compounds  of  which,  because  of  their  chem- 
ical nature,  a  very  small  portion  is  needed  to  form  an 
explosive  mixture.  Herein  resides  the  advantage  of  this 
fuel  for  motors  over  its  incipiently  more  sluggish  tho 
more  uniform  competitors. 
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Physico-chcmically,  gasoline  might  roughly  be  com- 
pared to  a  thoroly  mixed  assortment  of  small  coke  par- 
ticles ranging  from  dust  to  marble-size  pieces — the  dust 
representing  the  light  volatile  compounds  and  the  larger 
pieces  the  heavier  and  high-l>oiling  portions.  By  using 
sieves  of  different  mesh  the  coke  particles  could  readily 
be  separated  into  "  size  "  groups ;  by  distillation,  the  con- 
stituents of  the  gasoline  are  similarly  separated  into 
"  boiling-point  "  groups.  The  coke  particles  of  all  sizes 
are  chemically  alike ;  so  the  great  bulk  of  the  gasoline 
hydrocarbons  belong  to  the  same  family.  To  continue 
the  analogy  (analogies  are  never  complete),  alcohol  or 
rectified  benzole  might  be  represented  by  particles  of,  say. 
wood  chips  and  lumps  of  bituminous  coal  respectively, 
the  chips  a  little  smaller  than  the  lumps,  but  all  the  chips 
equal  in  size,  and  similarly  the  coal  lumps — equivalent  to 
saying  that  these  compounds  would  have  no  boiling  range, 
i.e.,  would  boil  at  practically  a  constant  temperature. 

Fuel  oil,  roughly  speaking,  is  a  mixture  of  liquid 
hydrocarbons,  obtained  from  crude  petroleum,  for  which 
no  better  purpose  than  burning  under  a  boiler,  in  a  fur- 
nace, or  in  a  slow-speed  internal  combustion  engine  has 
been  found.  Like  gasoline,  it  contains  a  great  number  of 
constituents  of  different  boiling  points  —however,  belong- 
ing to  several  hydrocarbon  families — usually  contains  a 
small  percentage  of  sulphur,  up  to  3J4  per  cent.,  and  may 
contain  a  little  non-combustible  matter  called  by  the  oil- 
man 15.  S.  Intel  oil  may  be  simply  crude  oil  direct  from  the 
well  except  that  water  and  dirt  have  been  settled  out  of  it 
— as  in  the  case  of  some  Californian  and  Mexican  oils; 
it  may  be  crude  from  which  the  light  portions — gasoline 
and  naphtha  distillates — have  been  distilled  ("  topped  ") 
off;  or  it  may  be  a  distillate  separated  from  the  light  end 
of  the  lubricating  fraction  of  crude  oil  which  has  under- 
gone several  distillations  and  is  usually  a  fairly  uniform 
material  of  short  boiling  range.  Fuel  oil  may  have  a 
jet-black  or  light  amber  color;  it  may  be  so  viscous  as 
to  require  preheating  to  a  fairly  high  temperature  be- 
fore passing  to  the  burner  orifice,  or  it  may  be  mobile 
enough  to  pass  with  ease  thru  a  "  cracked  "  needle  valve. 
It  may  be  nearly  as  heavy  as  water  or  almost  as  light  as 
kerosene.  A  few  decades  ago  fuel  oil  was  "  fuel  oil"; 
today  it  is  bought  on  rough  specification*,  but  sufficiently 
complete  to  define  the  material.  Fuel  oil  is  preeminently 
the  war  fuel  whether  for  shipping,  as  a  cargo  saver;  for 
the  fine  regulation  of  heat  treatment  furnaces,  or  as  labor 
saver  in  power  generating  plants.  Let  me  quote  a  brief 
statement  from  the  annual  report  of  Secretary  Daniels: 

"  The  present  war  has  demonstrated  that  our  navy,  to 
be  of  the  maximum  efficiency,  must  \k  conq>oscd  of  oil- 
burning  units.  The  splendid  work  which  has  been  ac- 
complished by  our  de-trovers  could  not  have  been  carried 
out  with  coal-burning  vessels.  Neither  could  other  tac- 
tical units  of  the  fleet  be  constructed  with  their  neces- 
sary military  characteristics  except  by  the  employment  of 
oil-burning  boilers  or  internal-combustion  engines." 
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Fuel  oil  will  not  evaporate  at  ordinary  storage  or 
bunker-room  teuqieratures,  does  not  deteriorate  with 
standing,  is  not  subject  to  spontaneous  combustion,  and 
is  readily  transferable.  It  requires  considerable  less  stor- 
age space  than  solid  fuels,  gives  an  increase  in  boiler 
efficiency  of  7  to  15  per  cent.,  is  quick  of  action,  free  from 
ash,  regulated  with  ease,  and  can  l>c  obtained  with  rea- 
sonable uniformity. 

Hut  these  advantages,  which  are  so  momentous  in  our 
evcry-day  engineering  practice  of  striving  after  mechan- 
ical perfection,  take  second  place  in  war  programs.  It  is 
speed  that  counts,  whether  one  is  chasing  submarines  or 
fleeing  them.  Ami  fuel  oil  makes  for  speed — makes  for 
the  better  protection  of  our  boys  "  going  over."  Assist- 
ant Secretary  Roosevelt  has  said :  "  The  most  perfect 
guns  are  rendered  practically  useless  on  a  coal-fired  ship 
if  the  opposing  Meet  with  guns  of  the  same  caliber  uses 
fuel  oil.  That  oil  fuel  for  the  navy  meant  increased 
speed  ami  cruising  radius:  control  of  smoke  screens;  re- 
duced fireroom  forces  by  55  per  cent :  increased  the  ef- 
ficiency of  re-fuelling  at  sea  by  25  per  cent. ;  meant  ability 
to  sustain  maximum  s|»eed  for  long  periods  of  time  with- 
out clogging  furnaces :  flexibility  in  s|>eed :  and  finally, 
greater  safety  from  submarines,  as  in  modern  American 
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ships  the  fuel  oil  is  disposed  along  the  Ixmom  to  cushion 
the  blow  of  exploding  torpedoes." 

And  we  need  cargo  space.  Ships  will  win  the  war, 
we  hear.  Coal  takes  43  cubic  feet  to  the  ton;  oil,  36  cubic 
feet  on  the  basis  of  their  B.T.I",  values,  a  saving  of  45 
per  cent,  of  bunker  s|>ace,  and  if  you  please  to  use  the 
double-bottomed  ballast  tanks  you  save  it  all.  The  in- 
creased speed  and  saving  in  fuelling  times  means  for  us 
at  least  10  per  cent,  additional  tonnage. 

WAR  USES  OF  GASOLINE  AND  FUEL  OIL 

Now  how  else,  besides  on  our  ships,  are  these  |>etro- 
leum  products  being  used  to  win  the  war?  Early  in  the 
war  Colonel  Swinton  saw  the  need  for  some  device  to 
cut  down  enemy  entanglements  and  other  defences.  The 
petroleum- fed  Land  Cruiser — familiarly,  the  '"tank" — 
capable  of  climbing  walls,  crossing  trenches,  pushing  over 
trees,  and  manipulating  very  rough  ground,  was  the  result 
—to  the  enemy  havoc,  and  to  Allied  soldiers  confidence 
immeasurable.  Perhaps  of  all  its  great  functions  that  of 
being  a  big  brother  to  the  infantry  has  been  one  of  its 
greatest  utilities. 

Another  great  use  for  fuel  oil  today  is  in  the  speeding 
of  our  railroads — our  transportation.  The  freight  con- 
gestion of  last  winter,  which  resulted  in  much  suffering, 
particularly  along  the  Eastern  seaboard  and  especially  in 
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the  large  cities,  New  York,  Boston,  Philadelphia  ;  the 
shutting  of  our  factories,  the  putting  into  idleness  of 
thousands  of  our  workers;  the  stopping  of  many  indus- 
tries, which,  while  not  absolutely  essential  to  the  progress 
of  the  war,  are  nevertheless  desirable,  could  have  been 
avoided  or  its  consequences  mitigated  land  recurrence 
will  be  made  difficult  )  by  the  proper  mobilization  and 
utilization  of  petroleum-fed  vehicles.  The  elimination  of 
forest-lire  starting  sparks,  the  saving  of  labor  in  numer- 
ous steam-generating  plants — we  have  225,000  such 
plants  in  the  country — and  the  line  regulation  of  imj>or- 
tant  temperatures  in  the  heat  treating  of  tool  steels.  ;innor 
plate  and  ordnance,  and  the  reduction  of  lalxir  in  sonic 
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departments  of  our  power  plants  and  munition  factories 
to  beyond  55  per  cent,  in  some  instances— important 
where  man-power  is  at  a  premium — these  arc  daily  con- 
tributions of  petroleum  fuel  to  our  war  preparation. 

(iuns  are  pulled  by  tractors  where  horses  dare  not 
tread ;  trenches  are  dug,  wounded  are  carried  comfort- 
ably and  quickly  to  places  of  rest;  submarines  arc  chased 
by  destroyers  at  marvellous  s|>ced ;  supplies  are  carried 
in  abundance  to  the  place  of  need,  and  the  powerfully 
cngincd  airplane  (200-300  II. I'.,  using  more  gasoline  per 
hour  than  the  average  motorist  will  use  per  day)  directs 
our  artillery,  flies  like  the  screaming  eagle  over  our  ad- 
vancing infantry,  watches  the  enemy  movements  behind 
his  lines,  and  now  at  last  gives  him  a  taste  of  his  bombing. 

The  motor  truck  saved  Paris  at  Verdun ;  and  it  is  al- 
together likely  that  the  motor  truck,  not  more  than  five 
weeks  ago,  bringing  up  the  French  reinforcements,  saved 
the  British  army  in  the  recent  terrific  onslaught  of  the 
Germans,  directed  toward  the  cutting  off  of  the  British, 
when  they  were  well-nigh  exhausted. 

Perhaps  one  of  the  most  important  but  less  spectacu- 
lar utilizations  of  petroleum  toward  the  winning  of  the 
war  lies  just  here  in  the  heavy  motor  truck.  It  has  done 
splendid  work  abroad — it  is  doing  splendid  work  at  home. 

Railroads  need  termini  and  termini  spell  congestion. 
The  motor  truck  divides  the  responsibility.  It  is  mobile ; 
it  goes  nearly  where  it  pleases. 

THE  MOTOR  TRUCK  AND  THE  RAILROAD 

Prompt  dispatch  is  today  the  watchword  of  all  war 
industries,  A  day  may  mean  10,000  men  lost  at  the 
front.  Efficiency  of  the  methods  of  the  conduct  of  busi- 
ness nuist  largely  he  ganged — not  on  cost — on  the  time 
saved  by  the  method. 

Could  our  soldiers  on  the  other  side  wait  for  rail- 
roads to  ship  to  sealwjard  points  supply  trucks  which  were 
sorely  needed?  Train  after  train  of  trucks  left  points 
west— Cleveland,  Buffalo,  Detroit — and  steadily,  regu- 
larly proceeded  across  the  great  national  highways  to 
their  destination,  loaded  with  supplies.  W  as  it  a  costly 
process?  More  costly  in  point  of  direct  expense  than 
shipments  by  freight  would  have  been  on  such  long  runs. 
Vet  we  are  too  prone  to  think  the  truck  an  expensive 
medium  of  transportation.  ( )ur  roads  are  not  to  be 
compared  to  steel  rails  for  low  depreciation  on  equip- 
ment, yet  when  the  army  wanted  to  send  a  body  of  500 
nun  and  officers  ironi  Douglas,  Arizona,  to  the  Roose 
vclt  Dam.  a  distance  near  665  miles,  it  sent  them  by  motor 
at  a  cost  of  about  $650 — less  than  .2  cent  per  mile.  Kail- 
road  fares  would  have  been  over  $11,000,  something  more 
than  3  cents  per  mile  per  man.  Motor-truck  transporta- 
tion, however,  has  its  greatest  usefulness  at  present  in  the 
short  hauls  of  urban  and  some  interurban  delivery.  It 
permits  the  railroads  to  function  properly  on  the  long 
hauls,  and  to  haul  constantly.  And  in  such  work  economy 
of  time  by  motor  truck  is  backed  by  very  reasonable 
costs.    For  certain  short  hauls  on  railroads  in  this  part 
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of  the  country  it  costs  from  20  cents  to  60  cents  per  ton- 
mile.  The  same  hauls  are  made  by  5-ton  motor  trucks 
for  18  cents  to  40  cents  pet"  ton-mile,  including  all  costs; 
and  delivers  the  goods  to  the  consumer's  door,  whereas 
railroad  freight  must  often  be  handled  a  second  time 
front  the  station  to  the  consignee  by  dray. 

There  are  in  this  country  at  present  about  450,000 
motor  trucks  (not  including  thousands  of  small  delivery 
motor  trucks),  many  of  large  capacity;  the  average  prob- 
ably being  nearly  of  3  tons.  The  average  yearly  mileage 
of  such  vehicles  is  about  15,000  miles,  altho  on  straight 
medium-distance  hauling  20,000  miles  would  be  an  easy 
accomplishment.  This  army  of  vehicles  is  capable  of 
working  at  the  rate  of  10.000,000,000  ton-miles  per  an- 
num, a  real  auxiliary  to  the  railroads. 

1  want  here  to  digress  for  a  moment  to  mention  a 
matter  that  may  not  be  common  information. 

The  magnitude  of  the  rated  and  actually  generated 
horsepower  of  the  motor  vehicles  of  the  country  has  per- 
haps been  overlooked  because  we  think  only  of  small 
units,  not  ordinarily  exceeding  50  H.P.  A  comparison, 
therefore,  of  the  total  available  horsepower  of  the  motor 
vehicles  of  a  given  locality  and  the  total  rated  horsepower 
of  the  stationary  units  of  the  same  section — of  even  an 
industrial  and  consequently  large  power-generating  city 
like  Philadelphia — is  at  first  blush  startling.  For  ex- 
ample, there  will  be  in  Philadelphia  in  1918  a  total  of 
approximately  800,000  primary  stationary  H.P.  This 
figure  is  based  on  the  governmental  industrial  census  of 
1914,  which  gave  647,400  H.P.  to  the  Philadelphia  metro- 
politan district,  of  which  Philadelphia  city  has  in  the 
neighborhood  of  80  per  cent.  This  showed  an  increase  of 
30  per  cent,  during  the  5-year  jMjrtod  between  the  1909 
and  1914  census.  Assuming  a  50  per  cent  increase  for  the 
four  years  following  1914  gives  us  a  total  for  1918  of 
778,000.  or  approximately  800,000  H.P.  for  Philadel- 
phia city. 

There  are,  or  will  be.  in  Philadelphia  this  year — al- 
lowing for  one-half  the  increase  rate  of  the  last  several 
years — 65,000  to  68,000  motor  cars  whose  average  horse- 
power at  maximum  load  may  be  taken  at  30. 

The  total  horsepower  available  thru  working  at  the 
maximum  would  be  over  two  million--more  than  two  and 
one-half  times  the  total  primary  stationary  power  of  the 
city.  And  while  our  motor  trucks  may  be  doing  only  a 
small  percentage  of  the  total  freight  business  of  the 
country,  the  best  available  figures  indicate  that  our  pas- 
senger cars  are  making  passenger-miles  far  in  excess  of 
the  railroads. 

IS  THERE  ENOUGH? 

Now,  I  have  given  very  briefly  some  of  the  uses  to 
which  gasoline  and  fuel  oil  are  put  in  carrying  the  war 
work  on  for  us  to  a  successful  completion.  A  big  ques- 
tion arises,  "Is  there  enough  to  go  around?"  In  an 
admirable  paper  on  the  subject,  "  The  Relation  Between 
Gasoline  and  the  Growth  of  the  Automobile  Industry." 
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Mr.  R.  D.  Leonard  presented  a  very  carefully  worked  out 
balance  sheet  of  our  production  of  and  requirements  for 
gasoline  for  1918. 

GASOLINE  SITUATION.  1918 

PRODUCTION 


Crude  Production   388.000.0il0 

Crude  to  Refineries   318,160,000 

(Crude  in  42's) 

(Average  Yield  of  Gasoline,  21  per  cent,) 

Gasoline  Produced  from  Crude   56.000.000 

Casinghead  Produced  (in  50"s)   5.000.0(10 

Total  Production  of  Gasoline,  1918.  all  sources. .  .  61,000.00) 

Refinery  Stocks.  Jan.  1.  1918    6.000.000 


Total  Available  Gasoline.  1918  (in  50-*)   67.000.000 

REQUIREMENTS 

Domestic — 

Number  of  Automobiles,  1918    4.500.009 

(1917,  4,500,000  +  0  per  cent.) 

Average  Consumption  (per  car)    10  barrel* 

Total  Required  for  Motor  Vehicles   45,000,000 

Industrial  Power,  Launches,  Lighting,  Manufac- 
turing and  Tractors    6.000.000 

Exports    I2.000.0CO 


Total  Gasoline  Required,  1918    63,000.001) 

Total  Available  Gasoline.  1918    67,000.000 


Net  stocks,  Jan.  1,  1919    4.000,000 


In  view  of  the  fact  that  the  petroleum  industry  is 
keyed  to  the  highest  pitch  to  meet  without  pinching  or 
delay  the  needs  of  the  nation,  the  estimate  of  388.000,000 
barrels  crude  production,  which  includes  the  same  rate 
of  increase  as  that  experienced  last  year  over  1916,  is 
conservative.  The  casinghead  production  figure  is  that 
of  last  year,  and  it  would  not  be  at  all  inconsistent  with 
l>ast  performances  to  see  a  production  materially  in  ad- 
vance of  that  given,  for  natural-gas  and  crude-oil  pro- 
ducers, realizing  the  national  need,  are  winning  every 
drop  of  available  gasoline  that  reasonable  economy 
affords. 

You  will  notice  that  the  total  available  gasoline,  in- 
cluding the  stocks,  is  a  figure  about  67,000,000  barrels, 
while  we  have  to  charge  against  that  about  4,500,000  auto- 
mobiles having  an  average  consumption  of  10  barrels— 
a  total  of  45,000,000  barrels;  our  power  launches,  gaso- 
line lighting  systems,  our  factories  and  tractors  and  so 
on  will  take  another  six  million  barrels,  and  our  exports, 
which  include  an  authoritative  figure  on  army  and  navy 
consumption,  will  take  about  12,000.000  barrels  more, 
which  gives  us  altogether  at  the  beginning  of  next  year 
a  stock  of  4,000.000  barrels— a  little  less  than  we  had  at 
the  beginning  of  this  year. 

Now.  what  next  year  (1919)  and  succeeding  year? 
will  have  is  something  of  a  problem.    We  will  have  340 
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submarine  chasers,  at  least,  which  take  about  1500  {pilaris 
each  per  day.  We  may  have  20,000  airplanes,  which  will 
require,  when  they  are  working  at  full  capacity,  at  the 
rate  of  a  million  barrels  a  month.  Twenty-five  thousand 
motor  trucks  and  ambulances  may  require,  at  their  maxi- 
mum, 500,000  gallons  more  each  month,  giving  totals 
which  lead  us  to  ask,  "  Is  there  anything  that  can  take 
the  place  of  gasoline?"  "Are  there  any  substitutes 
available?"  The  ma*  who  gets  a  successful  substitute 
has  in  prize  money  alone  $100,000  awaiting  him.  He  has 
more  than  that  in  reputation,  and  certainly  more  than 
that  in  remuneration  from  other  sources. 

SUBSTITUTES  FOR  GASOLINE 

There  arc  no  satisfactory  substitutes  for  gasoline. 
The  claimants  for  the  name  are  either  too  expensive, 
give  too  much  sooty  carbon,  are  clumsy  to  handle,  are  dif- 
ficult to  start,  or  tend  to  blow  cylinder  heads  off.  Some 
of  them  have  a  corroding  effect  on  the  metal  with  which 
they  come  in  contact,  and  none  of  them  is  produced  in 
quantity  sufficient  to  propel  even  5  per  cent,  of  the  motors 
in  use.  Alcohol,  commercial  benzol  and  coal  gas  each 
has  its  ex]>onents,  and  each  has  been  tried  with  some  de- 
gree of  success;  but  at  present  each  is  far  from  taking  the 
place  of  gasoline. 

The  production  of  alcohol  is  normally  at  the  rate  of 
100,000,000  gallons  per  annum  (or  about  3J4  per  cent, 
of  the  production  of  gasoline),  at  a  manufacturing  cost 
of  45  cents  per  gallon.  Besides,  alcohol  has  present  tech- 
nical difficulties.  It  requires  a  much  higher  compression 
than  is  commonly  used  in  the  auto  engine,  it  is  more 
difficult  to  start  than  gasoline,  and  requires  considerably 
more  air  than  gasoline  for  its  proper  combustion. 

Benzole  for  several  years  has  aimed  for  a  place  be- 
side gasoline  as  a  motor  fuel  and  has  been  used  quite  suc- 
cessfully. It  is  a  very  decent  auto  fuel,  too,  altho  its  heat 
value  is  about  13  per  cent,  less  per  pound  than  gasoline. 
Benzole  is  very  rich  in  carbon,  the  chemically  pure  ma- 
terial containing  92  per  cent.  C  and  8  per  cent.  H,  and 
the  commercial  distillate  which  might  be  available  for 
motors  contains  still  more  carbon.  For  this  reason  ben- 
zole requires  more  air  than  gasoline.  It  has  a  real  ad- 
vantage over  gasoline  in  that  it  is  not  so  sensitive  to 
change  in  the  mixture,  but,  on  the  other  hand,  is  not  so 
well  adapted  to  high-speed  engines  on  account  of  its 
slower  rate  of  flame  propagation. 

But  at  this  time,  even  waiving  a  prohibitive  cost,  ben- 
zole can  be  considered  only  as  supplementary  motor  fuel. 
The  entire  production  of  benzole  is  less  than  4  per  cent, 
of  the  demand  for  motor  fuel  and  the  entire  quantity 
procurable,  if  all  the  bituminous  coal  in  the  country  were 
cooked  in  by-product  ovens,  would  be  but  one-third  of  the 
present  gasoline  supply.  However,  if  we  reach  the  j>oint 
of  gassing  a  large  proportion  of  our  coal,  benzole  would 
no  doubt  become  a  real  factor  in  the  motor-fuel  market, 

Perhaps  of  all  attempts  to  replace  gasoline  recently. 
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coal  gas  has  received  the  greatest  attention  and  been  put 
to  the  best  use.  There  are  no  carburettor  troubles  with 
coal  gas ;  an  engine  using  it  develops  about  90  per  rent, 
of  the  power  available  from  gasoline  (altho  the  engine 
must  be  run  at  higher  speeds),  and  in  certain  parts  of 
England,  particularly  in  the  neighborhood  of  Manches- 
ter, where  the  experiment  was  first  tried,  charging  sta- 
tions arc  placed  conveniently.  C  oal  gas,  however,  has  its 
disadvantages.  To  carry  the  equivalent  of  two  gallons  of 
gasoline  in  steel  tanks,  which  have  since  been  abandoned, 
added  a  weight  of  1000  pounds  to  the  tires ;  on  the  Other 
hand,  the  gas  bag.  shown  in  the  illustration,  while  weigh- 
ing hut  60  pounds,  is  a  clumsy  and  unsightly  addition  to 
the  car  and  adds  materially  to  the  wind  resistance.  Gas 
of  certain  qualities,  however,  has  possibilities,  provided  a 
sufficiently  strong  light  tank  can  be  made.  In  this  con- 
nection, the  greatest  improvement  may  be  looked  for 
along  the  line  of  the  utilization  of  the  very  heavy,  easily 
compressible  portions  of  natural  gas  which  are  too 
light  for  admixture  with  crude  petroleum  distillates,  but 
which  could  Inr  compressed  to  the  liquid  state  in  tanks 
holding  several  times  the  quantity  of  fuel  now  possible 
to  carry  in  the  gas  bags. 

Kerosene  has  received  a  great  deal  of  attention  as  a 
possible  gasoline  substitute.  Kerosene  is  a  very  excel- 
lent fuel.  It  is  doing  splendid  work  in  this  country  in 
many  engines.  It  has  nearly  as  high  calorific  value  as 
gasoline,  pound  for  pound.  But  gasoline  is  preeminently 
the  high-speed  fuel ;  it  is  flexible.   The  engine  in  a  motor 
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car  does  not  give  any  fuel  much  more  than,  if  it  gives  as 
much  as.  one-thousandth  of  a  minute  for  complete  com- 
bustion— a  time  which  we  have  found  so  far  is  quite 
inadequate  for  the  complete  combustion  of  the  compar- 
atively large  globules  of  heavy  fuel  which  we  arc  able  to 
get  thru  an  ordinary  carburettor,  and  even  thru  the  modi- 
fied carburettor  using  the  preheating  principle.  Nor  does 
excessive  heating,  with  the  object  in  view  of  more  nearly 
complete  volatilization  of  the  kerosene,  avail  much,  for 
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at  very  elevated  temperatures  the  process  of  decomposi- 
tion—so  useful  in  permitting  the  more  volatile  petroleum 
products  to  rapidly  undergo  combustion — here  sets  in  and 
with  compounds  of  higher  molecular  weight  gives  use  to 
such  appreciable  quantities  of  very  viscous,  tarry  and 
coke-like  substances  as  soon  to  impair  the  operation  of 
the  carburettor  and  clog  the  passages.  In  other  words, 
we  endeavor  to  make  gasoline  right  on  the  machine— we 
put  our  fuel  thru  a  "  cracking  "  process  and  have  exactly 
the  results  which  make  cracking  always  a  problem  of 
equipment  upkeep. 

It  is  speed,  then,  that  determines  the  need  for  volatile 
rapid-fire  fuels,  and  to  change  the  motor  speeds  means  to 
change  the  entire  design  ami  construction  of  the  car.  The 
Force  X  Distance  --  --  Work  equation  explains  simply  the 
whole  performance.  The  internal  combustion  engines 
of  the  1870-1885  period  were  of  slow  speed,  and  weighed 
from  1200  pounds  to  1800  pounds  per  horsepower.  To- 
day we  have  perfected  valve  timing  and  ignition  design 
to  enable  the  manufacture  of  engines  cajwble  of  devel- 
oping a  horsepower  for  every  2<  j  pounds  to  3  pounds  of 
metal— made  possible  by  rapid  combustion  and  great  pis- 
ton s|>eeds.  It  is  true  that  thousands  of  engines  operate 
day  in  and  day  out  on  fuels  much  heavier  than  kerosene, 
but  not  many  motorists  would  care  to  carry  in  their  car 
a  10,000-pound  motor  whose  performance  and  ability 
would  not  exceed  their  400-pound  motor. 

The  work  of  the  research  laboratories  of  the  future 
must  prove  the  point,  but  at  this  time  it  appears  wiser  to 
crack  the  heavier  hydrocarbons  in  a  specially  built  plant 
with  facilities  for  the  subsequent  refining  of  the  vola- 
tile resultants,  and  continue  to  use  light  high-speed  en- 
gines, than  to  attempt  slower  engines  or  fouling  decom- 
positions on  the  car. 

I  mentioned  that  alcohol  and  benzole  were  difficult  to 
start.  Also  that  alcohol  atid  benzole  were  fairly  uniform 
products,  possessing  nearly  constant  boiling  points, 
whereas  gasoline  distils  over  a  rather  wide  range,  some  of 
its  constituents  boiling  at  blood  heat.  I  mentioned  also 
the  greater  flame  propagation  rate  of  gasoline.  Now  it 
has  one  other  desirable  property;  its  constitution  is  such 
that  a  very  small  quantity  only,  in  an  air  mixture,  pro- 
duces an  explosion.  Consequently,  on  a  cold  morning, 
with  this  complex  mixture  in  the  carburettor,  a  turn  of 
the  crank,  whether  by  hand  or  electric  machine,  sends  a 
small  quantity  of  that  very  light  end  of  the  gasoline  into 
the  engine  cylinders— a  sufficient  quantity,  however,  in 
view  of  the  small  quantity  required,  to  form  an  explosive 
mixture  and  start  our  engine. 

Let  me  say,  in  concluding  this  phase  of  our  subject, 
that  what  we  need  is,  not  so  much  a  manufactured  sub- 
stitute for  the  great  quantities  of  concentrated  power 
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which  nature  has  given  us  in  the  lighter  portions  of  crude 
petroleum  and  in  the  condensates  of  natural  gas,  but  a 
material  improvement  in  the  total  efficiency  of  our  ma- 
chines. Improve  that  total  efficiency  but  10  per  cent,  and 
without  adding  another  gallon  to  our  production  we  can 
operate  10.000,000  motor  cars  on  the  same  basis  as  we 
operate  5,000,000  today. 

FUEL  OIL  SITUATION,  1918 

Is  there  enough  fuel  oil?  Fuel  oil  is  needed  in  pro- 
digious quantities.  A  torpedoboat  destroyer  when  work- 
ing at  full  s|>ecd  will  need  at  the  rate  of  about  50  barrels 
an  hour;  a  battleship  of  the  first  class,  at  the  rate  of  about 
150  barrels  an  hour,  or  at  the  rates  of  about  20,000  and 
60,000  barrels  a  month  respectively.  But  we  have  greater 
yields  and  larger  supplies  of  fuel  oil  than  wc  have  of 
gasoline,  by  far,  to  take  care  of  the  demands  made  for 
this  liquid  fuel,  and  increasing  yields  are  being  wrought 
from  well  and  still.  In  1916  the  yield  of  fuel  oil  direct 
from  the  well  was  at  the  rate  of  about  17  per  cent. ;  last 
year  it  was  at  the  rate  of  11  per  cent.,  showing  us  that 
we  are,  or  at  that  time  we  were  (in  1917),  endeavoring 
to  conserve  more  of  the  more  valuable  constituents  of 
our  crude  before  having  a  residue  to  use  as  fuel.  In  1°16 
from  the  crude  that  was  left  after  taking  about  40.000,000 
barrels  for  fuel,  we  obtained  fuel  oil  at  the  rate  of  45  per 
cent,  of  all  oil  run  in  the  refineries.  ( See  table.)  During 
the  first  nine  months  of  1917  we  obtained  oil  at  the  rate 
of  50  |>er  cent.,  and  for  the  third  quarter  at  the  rate  of 
54  per  cent.— a  figure  which  I  have  used  in  the  estimate. 
If  wc  continue  this  year  at  last  year's  rate  we  will  have 
direct  from  the  well,  after  settling  for  abstraction  of 
water,  sludge,  and  dirt,  42,000,000  barrels  of  crude  oil 
to  use  directly  as  fuel,  and  wc  will  have  186,800,000  bar- 
rels of  fuel  oil  which  we  will  obtain  from  the  refineries 
alter  the  abstraction  of  the  more  valuable  constituents. 

FUEL  OIL  SITUATION.  1918 

<  llarrcls  of  42  Gallons) 

PRODUCTION 


Crude  Production   388.0*10.000 

Crude  to  Refineries    34<>,0OO.O00 

Fuel  Oil  from  Crude   186.(100,000 

(Refined — 54  per  cent.  Yield) 

Fuel  Oil    direct  from  Crude    42.000.000 

(L'tircl'uicdl 


Total  Production  in  V  S   22f>.800,000 

Stock.  December  31.  1917    13,760.00(1 


Total  Available— 1918    242.5o0.0il0 

Mexican  Production,  1917    60.000.000 

Mexican  Imported,  1917    35,000.000 
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REQUIREMENTS 


Exports    J2.0O0.00O 

Gas  Works   17,000,000 

(Carburctting  Water  Gas) 

Railroads    50,000,000 

Industrial  and  Maritime  Uses   *90,000,000 

Heat  treating  and  Other  Special  Furnaces  Sta- 
tionary Steam  Plants,  Merchant  Marine,  Sta- 
tionary Internal  Combustion  Engines 

Emergency  Fleet  Program    6.000.000 


Total  Known  Requirements,  exclusive  of  Navy. .  105,000.000 
Balance  Available  for  Navy    33,800,000 


Total    228,800,000 


•  Exclusive  of  consumption  of  Mexican  Oil. 

This  chart,  which  is  built  somewhat  on  the  basis  of 
the  previous  chart,  shows  a  crude  production  of  388,- 
000,000  barrels,  of  which  the  refineries  will  obtain  346,- 
000,000  barrels,  giving,  at  the  rate  of  54  per  cent.,  a  yield 
of  186,800.000,  ami  directly  from  the  crude  some  42,000,- 
0UO  Ijarrels.  or  a  total  of  228,800,000  barrels.  The  stocks, 
which  it  may  lie  well  to  maintain  to  steady  the  sujmly,  at 
the  beginning  of  the  year  were  13,760,000  barrels.  N'ow 
tin  consumers  of  this  oil,  who  are  placed  on  the  right 
si«'e  of  the  chart,  arc,  to  the  extent  of  32,000,000  barrels 
fur  this  year  for  export— our  Allies'  navies  and  merchant 
marine— tilt:  gas  works,  for  the  carbtiretting  of  water 
gas— about  17,000,000  barrels.  Our  railroads,  if  they 
continue  at  the  rate  of  previous  years,  will  use  50,000,000 
barrels.  For  industrial  pur|>oses,  heat  treating  of  steel, 
strain-generating  plants,  merchant  marine,  internal-com- 
bustion engines,  etc.,  about  90,000,000  barrels.  (N'ow 
these  figures  are  simply  consumptions  against  the  United 
States  production.)  The  Kmergency  Fleet  program  will 
use  at  least  6,000,000  more— a  total  of  191,000.000  bar- 
rels, which,  from  our  total  production  of  228,000,000 
barrels,  leaves  us  available  for  the  navy  37,800,000  bar- 
rels. The  navy,  of  course,  will  get  what  it  wants,  whether 
it  wants  three  or  four  times  that  quantity  ;  but  37.800,000 
barrels  is  no  mean  tptantity  of  fuel  oil.  It  is  about  33 
limes  the  quantity  that  the  navy  used  in  the  year  ending 
June  30,  1916;  and  it  is  sufficient  to  supply  for  one  year 
fifty  torpedoboat  destroyers  and  twenty  large  battleships. 
Some  time  ago  our  oil-burning  units  in  the  navy  were 
about  11  battleships  and  some  43  destroyers.  However, 
the  increases  in  the  activity  of  our  fleet  and  the  additions 
of  oil-burning  equipment  to  our  navy  may  demand  all  of 
that  and  some  more. 

Now,  down  at  the  left  of  the  chart  you  will  notice  the 
Mexican  production,  in  1917,  of  about  60.000,000  barrels, 
of  which  about  35,000,000  were  imported  into  this 
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country.  A  large  part  of  the  industrial  and  maritime 
users  of  fuel  oil — particularly  in  the  New  England  field, 
where  some  5,000,000  barrels  of  oil  were  used  under  boil- 
ers for  steam  purposes  alone— were  supplied  from  this 
source.  The  complete  requirements  of  the  several  con- 
sumers, you  will  notice,  have  been  taken  from  our  own 
production,  so  that  if  the  Mexican  petroleum  is  available 
this  year  as  it  was  last,  and  continues  to  be  available,  we 
shall  have  sufficient  oil  to  take  care  of  our  ordinary  re- 
quirements and  all  of  our  extraordinary  war  needs. 

THE  EUROPEAN  FIELDS 

An  appreciation  of  the  importance  of  petroleum,  gaso- 
line and  fuel  oil  particularly,  in  the  conduct  of  the  war, 
makes  us  give  increased  significance  to  the  movements  of 
Germany  toward  the  oil  fields. 

CRUDE  OIL  PRODUCTION  IN  1916 

(Barrels  of  42  Gallons) 


United  States    300,767,158  65.29 

Russia    72,801,110  15.81 

Mexico    39,817,402  8.64 

Dutch  F.ast  Indies   13.174.399  2.86 

Rumania    10,298.208  2.24 

India    8.228,571  1.79 

Galicia   6,461,706  1.40 

Japan  and  Formosa    2.997,178  .65 

Peru   2.550,645  .55 

Trinidad    1,000,000  .22 

Germany      995.764  .22 

Argentina     870,000  .19 

KKvpt    411.000  .09 

Canada    198,123  .04 

Italy   43,143 

Otlier  countries    25,000  .01 


4<rf),<>39.407  100.00 
British  Isles  (iron)  shale)  1915   1,960.000 


You  will  recall  that  early  in  the  war  Russia  swooped 
down  on  Galicia,  Austria-Hungary,  and  occupied  for 
some  weeks  the  rich  oil  country  ;  that  later  they  lost  this 
advantage;  and  that  loss  meant  a  great  deal  to  Ger- 
many and  a  great  deal  to  us.  W'e  will  revert  to  this  in  a 
moment.  In  1916,  according  to  the  United  States  Geo- 
logical Survey,  the  productions  of  the  more  important 
petroleum-producing  countries  were,  as  shown  by  the 
chart :  The  United  States  produced  over  65  per  cent,  of 
the  total  of  the  world.  Russia,  with  73,000,000  barrels, 
was  second.  Mexico  came  third,  with  about  40.000,000. 
Then  you  will  notice  the  Dutch  F.ast  Indies,  Rumania, 
India.  Galicia,  Japan,  Rent,  Trinidad,  and  Germany  fol- 
low in  order,  Germany's  production  being  comparatively 
insignificant.     Liut  Galicia's   production  is  important, 
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being  normally  about  8,0(10,000  barrels,  and  Rumania, 
similarly,  with  about  12.000,000  barrel*  production  an- 
nually, has  been  a  real  factor  in  the  European  oil 
situation. 


The  map  shows  the  production  of  petroleum  in  the 
battle  territories.  The  East  Indies  arc  pretty  far  off.  We 
are  pretty  far  off.  We  had  other  than  war  uses  for  most 
of  our  material  all  during  the  early  years  of  the  war. 
prior  to  April  6,  1917.  The  producing  countries  around 
the  battle  zones  are:  Germany,  with  about  a  million  a 
year;  Galicia,  as  I  indicated,  with  about  8,000,000  a  year 
normally — the  figure  for  1016  was  6.461,000,  which  was 
below  normal,  but  is  immensely  more  than  it  was  shortly 
after  the  firing  and  dynamiting  of  wells  in  the  Russian 
retreat.  [The  Germans  subsequently  put  out  the  fires, 
cleaned  out  the  drill  holes  where  possible,  and  brought 
the  production  fairly  well  up  to  normal.  |  Rumania,  with 
a  production  in  1916  of  over  10,000,000,  and  Russia  with 
nearly  73,000,000.  Italy's  43,000  barrels  do  not  count 
heavily. 

In  the  British  Isles  we  have  a  production  of  "  shale 
oil  "  of  nearly  2,000.000  barrels  of  oil— 1,960.000  barrels 
in  1916,  approximately.  That  figure  in  the  chart  is  esti- 
mated on  the  previous  year's  output. 

PETROLEUM  WAR  STRENGTH  OF  ACTIVE 
BELLIGERENTS 
(Early  in  (he  War— About  January  I,  1915) 
(1915  Production) 
ALLIES  CENTRAL  POWERS 

Russia    6H.548.062  Germany    995,764 

Galicia    4.158.899 

India    8.202.674 

British  Isles  (shale 
oil)    1.%0,(XK) 

Total    82.869.635     Total    995.764 
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About  January  1.  1917 

(1916  Production) 

ALLIES  CENTRAL  POWERS 

Russia    72.801.110  Germany   995,764 

Rumania    10,298.208  Galicia    6,461.706 

India    8.228,571 

British  Isles  (shale 

oil),  1915   1,960,000 


Total                    93,287.889     Total    7.467.570 

At  Present.  May  15,  1918 

(1916  Production) 

ALLIES  CENTRAL  POWERS 

United  States  ....  300,767,158  Germany   995,764 

India                         8.228.571  Galicia    6.461,706 

British  Isles  (shale                  Rumania    10.298,208 

oil).  1915    1.960.000 


Total   T.  311,055.729     Total    17.755,678 

When  Russia  occupied  Galicia  in  the  early  days  of  the 
war  the  Allies  had  added  to  their  production  in  the  vicin- 
ity of  the  battle  fields  Galicia's  output,  and  conversely 
decreased  ihe  enemies'  resources  by  the  same  amount- 

At  this  time,  then,  the  total  resources  of  the  Central 
Powers,  with  the  loss  of  Galicia.  was  only  one  million 
barrels. 

Ky  the  first  of  January.  1917,  the  situation  had 
changed.  Russia  had  lost  Galicia ;  Rumania  had  be- 
come one  of  the  Allies.  The  Allies  gained  direct  con- 
trol, therefore,  of  ten  million  barrels'  production,  bring- 
ing the  total  up  to  about  93.000.000 ;  but  the  total  for  the 
Central  Powers  increased  more  than  sixfold,  giving  a 
total  of  about  7,500.000  barrels;  and  a  little  later,  or  tak- 
ing about  the  middle  of  May,  1917,  the  1916  production 
figures  being  used,  the  I'nited  States  had  been  added  to 
the  Allies,  with  its  300,000,000  barrels.  The  Indian  pro- 
duction was  8,000,000  barrels  and  the  British  Isles  is  still 
taken  at  about  2,000.000— a  total  of  over  310.000.000 
barrels.  Put,  of  course,  a  large  part  of  those  300.00O.0U) 
barrels  of  American  production  had  been  previously  avail- 
able for  the  use  of  the  Allies. 

Now.  on  the  other  side,  we  have  the  German  produc- 
tion of  about  a  million  barrels  and  the  Galician  produc- 
tion, vow  raised  to  ('.500,000  barrels,  and  finally  by  the 
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Rumanian  Treaty  there  was  available  to  Germany  an- 
other 10,000,000  barrels,  or  a  total  of  about  17.000,000 
barrels. 

What  Germany  is  going  to  do  in  Russia  is  problem- 
atical, but  if  she  gains  complete  control,  as  seems  pos- 
sible, excepting  immediate  Allied  intervention.  68.000,000 
or  70,000,000  barrels  may  Ik:  added  to  her  resources. 

The  important  thing  in  these  comparisons  is  not  that 
the  gross  petroleum  resources  of  the  Germans  or  Central 
Powers  is  much  greater  or  of  ourselves  and  our  Al- 
lies less,  but  that  from  almost  no  resources,  at  which 
point  they  must  have  been  vigorously  stressed  for  sup- 
plies for  airplanes,  for  supply  trucks,  for  submarines  and 
for  munition  plants— from  almost  nothing  our  enemy  has 
gradually  acquired  sufficient  to  take  care  of  a  great  many 
of  her  needs. 

Now,  what  does  the  future  hold  forth?  What  1919 
and  succeeding  years  may  bring  I  have  not  attempted  to 
estimate  in  detail.  So  far  as  can  be  seen,  we  have  ample 
to  take  care  of  our  industrial  and  our  war  needs, 
unless  the  war  is  of  very  much  longer  duration 
than  most  of  us  believe  it  will  be.  We  arc  going  to 
have  greater  demands,  of  course.  Our  ships  are  being 
rapidly  completed.  It  is  altogether  possible  that  next  year 
our  emergency  fleet  and  our  merchant  marine  will  require 
35.000,000  to  50.000.000  barrels  of  fuel  oil.  Our  Navy 
Department  forces  will  require  more  than  they  are  using 
at  this  time.  Our  industries  will  naturally  use  more  than 
they  arc  using  today,  due  to  natural  increase,  if  thru  no 
other  cause.  Have  we  enough  to  take  care  of  all  these 
needs?  The  petroleum  resource  of  the  country,  accord- 
ing to  statements  made  by  the  Director  of  the  Bureau  of 
Mines,  Dr.  Van  B.  Manning,  amount  to  about  eight  bil- 
lion barrels— an  amount  larger  than  the  total  consump- 
tion of  the  country  during  all  the  days  of  the  petroleum 
industry  since  the  first  flow  of  oil  at  the  Drake  well,  in 
1859;  but  he  estimates  also  that  if  we  continue  at  the 
present  rate  of  consumption  this  eight  billion  barrels  will 
last  us  only  29  or  30  years.  However,  in  the  Colorado- 
Wyoming  district  alone  it  is  estimated  that  there  are 
fully  twenty  billion  tons  of  oil  shale  available  for  the  pro- 
duction of  bituminous  materials — light  products,  fuel 
oils,  lubricating  oils,  and  so  on;  and  this  twenty  billion 
tons  of  shale  will  yield  twenty  billion  barrels  of  good 
quality  oil  by  a  process  which  has  been  commercially 
successful  in  Scotland  for  more  than  40  years.  And  when 
we  think  of  Spindle  Top  and  the  enormous  gushers  re- 
cently loosed  in  Mexico,  we  are  reminded  that  perhaps 
the  very  greatest  strikes  still  await  the  driller. 
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By  HAKRY  TIPPER 
Bu.inc.  Manner.  "Automotive  Industrie.,"  Ne*  York  City. 


History  of  the  labor  problem:  vari. 
ante  bcrtceen  the  ideals  of  labor  and 
capital:  political,  industrial  and  social 
aspects  of  the  question. 


IHAVK  chosen  the  subject  of  the  labor  problem, 
attho  there  is  no  labor  problem  abstractly;  there 
is  a  mass  problem.  So  lung  as  we  deal  with  it  as 
an  abstract— mass  matter— we  shall  not  approach  the 
problem  in  any  way.  Neither  is  it  a  problem  which  has 
just  opened  to  us  in  the  war.  It  has  been  existent  for 
a  century,  transferring  from  an  individualistic  craftsman's 
organization  into  a  mass  organization  of  industry.  We 
have  learned  thru  the  centuries  up  to  the  nineteenth  cen- 
tury to  lay  down  a  code  of  laws  for  the  individual,  to  deal 
industrially  individually,  to  deal  as  man  to  man,  but  we 
arc  only  beginning  to  learn  something  of  the  dealings  of 
responsibility  of  mass  to  mass  in  industrial  operations. 
Tt  is  impossible  to  study  the  labor  problem  of  to-day  with- 
out understanding  the  history  of  the  labor  problem  of 
yesterday.  The  war  has  developed  the  labor  problem; 
it  has  also  dcvclo|>cd  the  labor  ideal,  and  it  has  brought 
the  question  of  the  ideal  of  labor  and  the  ideal  of  the 
government  of  industry  much  closer  to  us  and  made  it 
much  more  necessary  of  solution. 

Wc  have  seen  in  this  war  the  force  which  is  given  to 
an  applied  ideal.  Now,  no  matter  whether  the  ideal  be 
a  right  ideal  or  a  wrong  one,  if  it  is  sufficiently  accumu- 
lated by  the  mass  of  people  it  will  in  the  course  of  time 
acquire  an  operating  force  and  begin  to  roll.  Even  the 
terrific  ideals  of  the  German  people  have,  in  time,  acquired 
such  a  unity  and  operating  force  that  they  have  been 
bound  to  roll  in  a  certain  direction.  The  ideal  of  labor 
has  been  the  labor  union,  the  only  possible  ideal  for  the 
mass  labor.  The  ideal  of  the  individual  craftsman  was 
the  ideal  of  accomplishment — the  job.  The  ideal  of  indus- 
try has  been  profit.  Between  the  ideal  of  labor,  as  to  its 
hours  and  remuneration,  and  the  ideal  of  industry  as  to 
profit,  there  is  not  and  never  has  been  a  common  ground 
or  meeting  place.  From  the  very  beginning  of  the  trans- 
fer of  industry  to  the  factory  system,  industry  has  always 
exploited  labor  to  the  maximum  of  its  capacity,  and  labor 

•  Delivered  at  the  Annual  Dinner  of  the  Pennsylvania  Sec- 
tion, Society  of  Automotive  Ennineers.  May  25.  1918.  Hotel 
AdelphU.  Philadelphia. 
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has  always  gained  what  it  did  by  force.  Those  two 
things  must  be  thoroly  understood  in  order  to  approach 
this  problem.  So  long  as  the  profits  of  industry  and  the 
profits  of  labor  are  the  only  ideals  of  industry  on  the  one 
hand  and  labor  on  the  other,  so  long  must  the  question 
of  difference  be  solved  by  strife  only;  for.  unless  wc  dis- 
place the  ideal  of  the  present  with  the  ideal  which  can  be 
used  in  the  future  for  better  purposes ;  unless  we  get  into 
our  work  the  spirit  of  accomplishment  on  both  sides,  in- 
stead of  the  spirit  of  profits,  we  shall  continue  until  we  get 
into  either  a  labor  or  industrial  autocracy.  And  as  this 
has  been  brought  nearer  it  is  evident  that  the  labor  prob- 
lems have  been  met  during  the  war.  Mr.  Schwab  himself 
said,  not  long  ago.  something  which  a  few  years  ago 
would  have  been  stamped  as  the  rankest  socialism,  when 
he  said  that  the  worker  would  rule  before  very  long. 
The  Standard  Oil  Company,  one  of  the  most  autocratic 
concerns  in  this  country,  but  at  the  same  time  one  of  the 
most  intelligent,  began  the  other  day  an  experiment  it) 
democracy  in  industry.  It  was  arranged  that  representa- 
tives of  the  workers  should  sit  with  the  Board  of  Directors 
to  consider  wages,  factory  conditions  and  other  essentiali- 
ties of  the  working  man.  The  platform  of  the  British 
labor  party  as  adopted  by  it  about  three  months  ago  is  one 
of  the  clearest,  shrewdest  and  most  practical  documents 
ever  issued  by  any  political  party,  and  no  matter  whether 
you  agree  or  disagree  with  its  provisions,  you  must 
admire  the  strength  of  its  language  and  the  character 
of  its  work. 

In  England  in  the  war  industries  controlled  by  the 
Government  it  has  been  necessary  to  put  committees  in 
charge  of  those  industries  representing  both  tabor  and 
capital. 

At  the  same  time,  wc  have  in  this  war  made  a  living 
thing  out  of  the  dead  ideal  of  democracy.  We  have  made 
it  a  living  thing  not  in  the  minds  of  a  few  people  but  in 
in  the  minds  of  millions  of  people.  It  will  be  made  such 
a  living  thing  that  millions  of  people  will  work  with  no 
prospect  of  advancement  in  money,  no  prospect  of  profit, 
no  other  incentive  than  democracy.  When  that  ideal, 
resuscitated  like  that,  comes  upon  us  after  the  war,  what 
effect  is  it  going  to  have  on  our  industnal  relations? 
How  are  we  going  to  treat  labor  as  an  abstract  question, 
when  the  ideal  of  democracy,  the  ideal  that  has  been 
expressed  thru  this  very  sacrifice  of  war,  comes  up  as 
a  matter  of  the  industrial  relations — the  work  of  ninety 
per  cent,  of  the  waking  hours  of  the  population?  Are 
we  to  say  that  labor  will  be  plentiful;  that  we  can  go 
back  to  the  old  scheme  of  industrial  transactions  and  ex- 
ploit the  worker  as  we  have  done?   Are  we  to  say  that 
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he  who  has  fought  for  a  voice  in  the  affairs  of  government 
shall  have  no  voice  in  the  affairs  of  industry?  Is  it 
possible  for  a  government  to  live  which  is  democratic 
politically  and  autocratic  industrially,  when  it  has  been 
im[K)ssible  for  two  governments  to  live  side  by  side  when 
one  was  democratic  politically  and  the  other  autocratic 
politically?  Shall  we  deal  with  this  purely  as  an  economic 
question,  or  are  we  alive  to  the  fact  that  the  force  of  ideal- 
ism in  the  labor  movement — for  it  is  the  force  of  idealism 
that  came  to  it  directly  from  the  transfer  into  the  factory 
— are  we  to  recognize  the  fact  that  this  force  of  idealism 
has  accumulated  such  growth  in  the  century  of  factory- 
work  that  it  is  almost  ready  to  roll  on  ?  Or,  are  we  simply 
to  sit  back  and  say  it  will  right  itself ;  we  cannot  have  any 
interference  with  our  industry  ;  it  is  our  private  property  ; 
it  is  our  work;  we  must  adjust  it  as  we  like  in  that 
particular  field  ? 

I  had  the  privilege  when  a  boy  of  watching  in  a  town, 
which  was  seventy -five  years  behind  the  times,  the  trans- 
fer of  hand-work  into  industry,  and  that  delightful  mis- 
sion gave  me  an  interest  in  the  worker  that  I  might  not 
otherwise  have  had.  I  saw  workers  who  had  contracted 
for  the  cloth  to  be  woven  in  their  own  homes,  and  in  their 
cottages,  transferred  to  the  mill.  I  saw  them  get  the 
same  pay  in  the  mill  as  they  made  out  of  their  contract 
work,  but  in  addition  to  their  pay  in  their  contract  work 
they  had  been  able  to  weave  the  cloth  for  the  family. 
They  had  been  able  to  attend  to  their  gardens,  and  while 
their  hours  had  been  long,  working  from  light  until  dark, 
they  had  not  been  obliged  to  sit  at  the  machine  all  the 
time;  whenever  their  backs  hurt  they  could  get  up  and 
recuperate.  When  they  were  transferred  into  the  mill 
they  received  no  more  pay  in  the  mill  and  could  not  make 
the  cloth  for  their  family  and  could  not  get  the  expense 
out  of  the  garden.  The  whole  family  was  transferred 
into  the  mill  to  meet  the  e\|)ense. 

Now,  the  individuality  of  the  workman  was  lost ;  the 
individual  design  and  construction  of  the  cloth  by  the 
contract  worker  was  lost;  he  became  nothing  but  a 
machine  with  two  ideas  in  his  head,  namely,  how  to  de- 
crease the  hours  and  how  to  increase  the  pay ;  and  that 
was  the  beginning  of  the  labor  union  ideal,  and  we  have 
constructed  no  other  ideal.  Until  ten  or  fifteen  years  ago 
we  did  not  try  to  raise  a  company  ideal  or  a  department 
ideal  or  organization  ideal.  It  has  only  been  since  the 
war  has  come  on  that  we  have  been  shown  that  an  ideal 
is  the  greatest  operating  force.  The  incentive  is  greater 
than  anything  else.  Wc  have  to  recognize  that  industry 
requires  ideals  just  as  well  as  politics,  and  that  politics 
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and  industry  must  accumulate  and  accommodate  them- 
selves to  suit  the  same  range  of  ideals. 

It  is  not  for  nothing  that  the  only  complete  autocracy 
— Germany — has  had  a  more  complete  unity  in  the  begin- 
ning than  any  other  autocracy,  because  the  system  was 
the  same  industrially,  politically  and  socially.  In  all  the 
other  countries  there  was  a  division  between  industry  and 
politics.  The  man  who  had  the  power  in  politics  had  it 
taken  away  from  him.  He  lost  it  industrially.  And, 
unless  we  watch,  compromise,  understand  what  it  means, 
he  is  going  to  have  it  taken  away  from  him  now  indus- 
trially. He  is  going  to  get  the  socialistic  state  toward 
which  he  has  been  drifting.  I  had  a  letter  from  a  prom- 
inent man  in  London  the  other  day  in  which  he  said, 
"  There  is  no  doubt  in  our  minds  that  the  reconstruction 
of  England  after  the  war  will  be  in  the  hands  of  the 
labor  party."  That  is  the  strength  of  the  labor  party 
in  England.  We  have  not  reached  that  jtoint  here,  but  the 
same  forces  are  at  work  here  as  there,  and  it  all  depends 
on  the  vision  of  the  manufacturers — the  vision  of  the  in- 
dustrial engineer,  for  the  engineer  after  all  should  have 
the  vision  as  to  the  rights,  obligations,  possibilities  of  the 
individual  man  on  the  labor  questions,  as  to  whether  we 
enlarge  our  vision  by  intelligent  compromise,  or  destroy 
our  civilization  by  unintelligent  force  to  strive  between 
the  two.  The  conservative,  intelligent  labor  leaders  in 
England  will  admit  to  you.  if  you  get  close  enough,  that 
they  have  all  they  can  do  to  keep  the  radical  labor  leaders 
in  line  at  this  present  moment ;  that  only  the  unity  of  the 
supreme  necessity  of  war  keeps  the  labor  union  con- 
servative, and  when  that  unity  is  passed  over  and  the 
necessity  is  no  longer  there  then  the  whole  radical  cle- 
ment of  the  labor  party  in  some  way  or  another  will  begin 
its  work  as  in  the  past  with  more  power,  force  and  energy 
because  of  the  recrudescence  of  these  American  ideals. 
So  that,  in  times  like  these,  when  you  have  this  unity  in 
labor  and  labor  is  scarce,  we  are  troubled  with  the  prob- 
lems of  getting  men  when  wc  are  conq>ctiiig  with  each 
other,  and  do  not  know  what  our  constant  is  going  to  be — 
this  is  the  time  when  we  will  have  to  study  labor  as  we 
have  never  studied  any  business  before.  If  we  put  half 
the  study  on  labor  that  we  put  on  a  question  of  engineering 
equipment  we  shall  be  very  much  further  along  than  wc 
are  to-day,  but  there  are  very  few  men  in  business  who 
have  studied  the  history  of  the  labor  union— its  growth, 
its  necessities,  the  character  of  its  organization,  or  its 
possibilities  for  mass  action  in  the  future,  and  the  way  in 
which  that  mass  action  can  be  used  to  better  industry 
instead  of  to  destroy  it. 

That  is  all  that  can  be  said  in  a  moment  of  time.  The 
subject  ramifies.  It  cannot  be  taken  up  merely  from 
the  standpoint  of  economics.  It  is  not  economic.  Its 
principles  are  philosophic,  its  processes  psychologic,  and 
its  results  economic ;  but  if  you  deal  with  only  economics 
you  cannot  possibly  solve  it. 


ELECTRIC  WELDING  AS  APPLIED  TO  STEEL 
SHIP  CONSTRUCTION 


A  series  of  discussions  held  under 
the  ausfices  of  the  Electric  Welding 
itrauth  of  the  Education  and  Training 
Section  of  the  ('.  S.  Shipping  Board, 
Emeri/cney  Elect  Corporation.* 


INTRODUCTION 

By  li.  A.  HORNOR.  Member 

IX  March  of  this  year  the  Emergency  Fleet  Corpora- 
tion appointed  a  s|>ccial  committee  to  investigate  and 
advise  the  Cor|M>ration  on  the  status  of  the  art  of 
electric  welding  and  its  possible  employment  in  hastening 
the  completion  of  the  steel  ship  program,  l'rof.  Comfort 
A.  Adams  was  selected  as  Chairman  of  this  Committee, 
not  only  because  of  his  long  study  of  the  subject,  but  also 
on  account  of  his  energy  in  organizing  a  similar  committee 
as  a  sub-committee  of  the  Research  Committee  of  the 
American  Institute  of  Electrical  Engineers.  This  original 
Committee  had  already  gathered  a  great  deal  of  inqtortant 
data  and  had  arranged  with  the  U.  S.  Shipping  Hoard 
for  the  \i>ii>  of  Captain  Caldwell  to  this  country  for  the 
pur|Kjse  of  explaining  the  methods  and  extent  of  the 
application  in  Great  l!ritain. 

(  >tic  of  the  earliest  suggestions  of  the  Electric  Weld- 
ing Committee  was  the  necessity  for  trained  operators,  and 
the  Emergency  Elect  Corporation,  acting  upon  this  sug- 
gestion, added  a  I  (ranch  for  the  study  of  this  subject 
to  the  Education  and  Training  Section.  The  main  pur- 
pose of  this  work  is  to  provide  skilled  men  to  the  ship- 
builders, not  only  for  the  performance  of  good  welding, 
hut  to  act  as  instructors  for  other  workmen. 

It  was  early  recognized  that  the  o|>crator,  altho  most 
inqiortant  in  the  actual  making  of  a  good  weld,  required 
something  far  more  important  back  of  him  in  the  accom- 
plishment of  perfect  joints  in  the  steel  structure  of  a  ves- 
sel. No  man  on  the  Welding  Committee  to-day  fails 
to  realize  that  the  joining  of  the  essential  parts  of  a  ship 
is  a  vital  and  serious  question.  On  the  other  hand,  no 
uieml>cr  of  the  Committee  doubts  that,  if  these  joints  are 
designed  after  careful  study  by  the  naval  architect,  the 
engineer,  and  technician,  the  application  can  be  made 
most  successfully  with  a  resultant  of  increased  speed  of 
construction.  With  this  in  mind,  the  Fleet  Corporation 
desired  to  discuss  all  the  questions  connected  with  this 
subject  with  the  technicians  of  the  shipbuilding  industry 
in  order  that  no  detail,  no  matter  how  minute,  should 
escape  complete  investigation  before  this  industry  broad- 
ened its  field  of  action.    Therefore,  a  program  was  pre-  . 

*  The  executives  of  the  Education  and  Training  Section  of 
the  KmerRemy  Fleet  Corporation  at  the  present  time  are  as 
follow*:  lliredor,  Mr.  Louis  F.  Relwr;  Superintendent  of  Train- 
ing. Mr.  F.  K.  MacNary;  Head  of  Electric  Welding  ft  ranch, 
Mr.  II  A.  Honior. 
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pared  to  cover  in  general  the  entire  subject  and  to  en- 
courage a  full  consideration  of  the  details  involved. 

A  cursory  glance  at  this  program  will  show  that  the 
fundamentals  of  the  art  had  not  been  grouped  in  any 
specific  order,  and  that  no  symbols  had  been  adopted 
so  that  drawings  of  a  comprehensive  nature  could  l>e 
prepared.  The  first  discussion  consists  of  an  explanation 
of  the  proper  nomenclature  and  symbols  that  have  now 
been  approved  as  standard  by  the  Klectric  Welding  Com- 
mittee. The  language,  having  once  been  introduced,  the 
investigator  turns  naturally  to  the  tools  which  are  now 
available  for  performing  the  work.  This  forms  the  sub- 
ject of  the  second  discussion.  With  these  two  important 
factors,  the  third  discussion  naturally  turns  to  the  advan- 
tages that  may  be  gained  in  their  use  in  the  construction 
of  the  steel  ship.  This  latter  subject  applies  both  to  the 
present  riveted  ship  and  the  future  ship  that  may  be 
more  largely  welded,  a  subject  discussed  in  the  fourth  and 
fifth  meetings.  The  sixth  discussion  makes  a  summary  of 
all  the  preceding  ones  and  emphasizes  the  essential  points 
dealing  with  the  successful  application  of  electric  welding 
;n  steel  ship  construction. 

First  Discussion 

NOMENCLATURE  FOR  ELECTRIC  WELDING* 

By  NAVAL  CONSTRUCTOR  H.  G.  KNOX,  I .  S.  N. 


IT  is  evident  to  all  |ktsoiis  interested  in  the  nomenclature 
of  welding  that,  if  we  are  to  avoid  confusion  and 
retarded  progress,  we  must  all  talk  the  same  language 
in  discussing  the  same  thing.  A  typical  example  of  the 
result  where  the  design  followed  the  actual  working  con- 
ditions is  found  in  the  city  of  Brooklyn.  New  York, 
where,  I  understand,  Fulton  Street  was  laid  out  along 
an  old  cow-path  leading  up  from  the  ferry.  As  a  conse- 
quence of  this  system  of  layout,  it  is  very  confusing  to 
get  about  that  city.  The  city  of  Washington,  on  the 
contrary,  was  laid  out  after  considerable  scientific  study 
and  based  on  the  competitive  designs  of  architects.  In 
this  case,  the  development  followed  after  the  design  and 
the  result  is  very  much  more  satisfactory.  As  a  further 
illustration,  you  are  reminded  that  the  actual  working 
steam  engine  was  in  use  years  before  anybody  dreamed  of 
thermo-dynamies,  while  electricity,  following  its  dis- 
covery by  Benjamin  Franklin,  was  entirely  a  laboratory 
product  until  the  standardization  in  nomenclature  and 
the  theory  of  the  subject  had  been  pretty  well  worked  out. 
As  a  result,  electricity  is  a  most  satisfactory  science  to 
work  in  because  all  the  terms  are  clear  and  concise,  and 
I  think  we  owe  a  great  debt  to  the  electrical  engineers 
for  their  remarkable  work  in  the  standardization  of 
their  rules. 

STANDARD  SYMBOLS 

It  is  also  necessary  in  welding  that  at  the  outset  we 
adopt  a  uniform  terminology.  It  was  early  suggested 
at  one  of  the  meetings  of  the  Welding  Committee  that 

•  Delivered  in  the  Auditorium  of  the  Engineer*1  Club  of 
Philadelphia.  Wednesday  evening.  June  26,  1918. 


we  divide  all  types  of  welded  joints  into  several  main 
classes,  and  that  a  mnemonic  symbolism  for  each  be 
adopted.  First,  under  this  classification  would  come 
the  type  of  joint,  such  as  the  butt,  the  jog,  the  lap,  the 
Tee  and  the  strap.  The  mnemonic  symbol  proposed  was 
for  the  butt  joint  the  symbol  B.  the  jog,  ).  the  lap,  L, 
the  Tee,  T,  and  for  the  strap,  S. 

Next  in  point  of  continuity  of  the  complete  mnemonic 
system  of  symbols  arc  the  various  types  of  weld.  First, 
come  the  foundation  or  base  weld,  which  is  the  first  run 
put  at  the  bottom  of  a  heavy  V,  next,  the  Mt  weld, 
then  the  edge  weld,  the  fill  weld,  the  plug  weld,  the  seam 
weld,  the  tack  weld,  and  the  special  types  of  weld.  To 
illustrate:  a  joint  called  a  lap  filled  double  tack  would, 
under  the  mnemonic  system,  be  represented  by  the  symbol 
I.  F  K  K.  Since  such  a  notation  would  be  a  great  deal 
of  bother  for  the  draftsman,  we  have  formed  other  classi- 
fications, and  the  mnemonic  system  was  abandoned  in 
favor  of  a  more  nearly  symbolic  notation,  in  which  cer- 
tain symbols,  and,  in  some  cases,  numbers,  have  l>een 
used  with  the  result  that  the  designations  are  more  easily- 
placed  on  the  drawings. 

INSTRUCTION  CHART  WITH  STANDARD  SYMBOLS 
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Figure  1  shows  the  first  page  of  the  instruction  chart 
illustrating  the  finally  adopted  symbols.  In  the  first 
group  arc  the  points  which  should  be  covered  by  the  gen- 
eral specifications.  The  second  group  shows  the  design, 
the  position  of  the  weld  and  the  type,  and  this  the  drafts- 
man must  use.  There  is  here  a  slight  similarity  in  the 
use  of  terms  that  later  may  be  modified  for  the  sake 
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of  clearness.  Group  three  will  be  embodied  later  in  a 
Handbook  for  the  shop,  and  will  cover  the  material  and 
size  of  the  electrodes,  the  current  and  other  necessary 
information  for  the  guidance  of  the  operator. 

TYPE  OF  JOINT 

Figures  2  and  3  represent  one  of  the  design  subdivi- 
sions, namely,  the  tyi)c  of  joint.  These  joints  arc  all 
familiar  to  shipbuilders.  Three  characteristic  types  of 
the  strap  joint  are  shown  in  Figure  2:  on  the  left,  is  an 


STRAP  weld  is  one  in  which  the  seam  of  two  adjoining 
plates  or  surface*  is  reinforced  by  any  form  or  shape  to  add 
strength  and  stability  to  the  joint  or  plate.  In  this  form  of  weld 
the  scam  can  only  be  welded  from  the  side  of  the  work  opposite 
the  reinforcement,  and  the  reinforcement  of  whatever  shape  must 
be  welded  from  the  side  of  the  work  to  which  the  reinforcement 
is  applied. 


BUTT  □ 


BUTT  weld  is  one  in  which  two  plates  or  surfaces  are 
brought  together  edge  to  edge  and  welded  along  the  scam  thus 
formed.  The  two  plates  when  so  welded  form  a  perfectly  fiat 
plane  in  them>elves.  excluding  the  possible  projective  caused  by 
other  individual  objects,  as  frames,  straps,  stiffeners.  etc.  or  the 
building  up  of  the  weld  proper. 
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ordinary  strap  joint  in  which  the  joint  is  backed  up  by 
an  angle;  in  the  centre,  an  ordinary  strap;  and  on  the 
right,  a  joggled  strap.  All  strap  joints  arc  symbolized 
by  the  circle.  All  the  other  symbols  which  go  to  tell  the 
complete  story  of  the  weld  are  placed  inside  that  circle,  as 
will  be  explained  later.  Next  is  the  butt  joint,  and  is 
denoted  by  the  square.  On  the  upper  right  is  a  type  of 
joint,  which,  in  the  original  nomenclature,  was  called  a 
Hanged  butt.  Then  comes  the  lap  joint,  which  is  denoted 
by  the  triangle,  w  ith'  the  apex  up,  and  under  this  type  is 


LAP  weld  is  one  in  which  the  edges  of  two  plates  are  set 
one  above  the  other  and  the  welding  material  so  applied  as  to 
hind  the  edge  of  one  plate  to  the  face  of  the  other  plate.  In  this 
form  of  weld  the  seam  or  lap  forms  a  raised  surface  along  its 
entire  extent. 


FILLET  weld  is  one  in  which  some  fixture  or  member  is 
welded  to  the  face  of  a  plate  by  welding  along  the  vertical  edge 
of  the  fixture  »r  member  (see  "welds"  shown  and  marked  "A" 
on  illustration  at  left*.  The  welding  material  is  applied  in  the 
corner  thus  formed  anil  finished  at  an  angle  of  forty  live  degrees 
to  the  plate. 
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shown  the  plain  lap,  the  joggled  lap  and  the  flanged  lap. 
Of  the  three  other  types  of  joints  (see  Fig.  3),  the  first 
is  called  a  fillet  joint ;  the  second,  the  plug  joint,  and  the 
third,  the  Tee  joint.    The  fillet  joint  is  rather  hard  to 


PLUG 


PLUG  weld  is  one  used  to  connect  the  metals  by  welding 
thru  a  hole  in  either  one  plate  (Fig.  "A")  or  both  plates 
(Fig.  "  B").  Also  used  for  filling  thru  a  bolt  hole  as  at 
Fig.  "C,"  or  for  added  strength  when  fastening  fixtures  to 


the  face  of  a  plate 
fixture  (Fig.  "  D  ") 
this  hole,  as  at  Fig. 
plate  at  this  point. 


TEE 


by  drilling  a  countersunk  hole  thru  the 
and  applying  the  welding  material  thru 
"  D,"  thereby  fastening  the  fixture  to  the 


define  other  than  by  reference  to  these  sketches,  but  it 
is  the  weld  that  is  made  around  fittings  to  plates  and  its 
use  will  be  perfectly  clear  whenever  the  occasion  arises. 
It  is  denoted  with  a  triangle  with  the  apex  down.  The 
plug  joint  is  the  weld  used  where  it  is  necessary  to  join 
one  plate  to  another  by  means  of  punching  or  otherwise 
making  a  hole  in  one  plate,- such  as  for  service -bolts  or 
other  forms  of  preliminary  bolting  up  work,  which  later 
requires  filling  in.  It  also  applies  to  welds  thru  holes 
in  forgings  used  in  securing  the  forgings  to  plates.  The 
symbol  in  this  case  is  a  half  circle  and  straight  line,  convex 
side  up.  The  Tee  joint,  which  is  shown  in  two  or  three 
typical  forms,  is  denoted  by  a  half  circle  with  the  convex 
side  down. 


single  V 
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SPACE 
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SINGLE  "V"  is  a  term  applied  to  the  "edge  finish"  of  a 
plate  when  this  edge  is  beveled  from  BOTH  sides  to  an  angle,  the 
degrees  of  which  are  left  to  the  designer.  To  be  used  when  the 
"  V  "  side  of  the  plate  is  to  be  a  maximum  "  strength  "  weld,  with 
the  plate  setting  vertically  to  the  face  of  an  adjoining  member, 
and  only  when  the  electrode  can  be  applied  from  both  sides  of 
the  work. 


TEE  weld  is  one  where  one  plate  is  welded  vertically  to  an- 
other, as  in  the  case  of  the  edge  of  a  transverse  bulkhead  (Fig. 
"  A  ")  being  welded  against  the  shellplating  or  deck.  This  is  a 
weld  which  in  all  cases  requires  EXCEPTIONAL  care  and  can 
only  be  used  where  it  is  possible  to  work  from  both  sides  of  the 
vertical  plate.  Also  used  for  welding  a  rod  in  a  vertical  posi- 
tion to  a  flat  surface,  as  the  rung  of  a  ladder  (Fig.  "C"),  or  a 
plate  welded  vertically  to  a  pipe  stanchion  (Fig.  "  B  H),  as  in  the 
case  of  water-closet  stalls. 


DOUBLfcV 


SPACE 
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^  THICKnt 
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DOUBLE  "V"  is  a  term  applied  to  the  "edge  finish"  of 
two  adjoining  plates  when  the  adjoining  edges  of  both  plates  are 
beveled  fr.m,  BOTH  *ides  to  an  angle,  the  degrees  of  which  are 
left  to  the  designer.  To  be  used  when  the  two  plates  arc  to  be 
"butted"  together  along  these  two  sides  for  a  maximum 
"strength "  weld  Only  to  be  used  when  welding  can  be  per- 
formed  from  |K>th  sides  of  the  plate. 


DESIGN  OF  WELD 

We  now  come  to  the  weld  itself.  The  first  design. 
Fig.  6,  is  the  Single  V,  and  its  symbol  is  the  letter  "V" 
placed  on  its  side.  The  application  of  the  V  is  obvious. 
As  a  ntatter  of  fact,  the  V  joint  is  very  largely  confined 
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to  heavy  plates  where  they  are  accessible  on  both  sides  and 
is  closely  related  to  the  bevel  design  below.  The  Double 
V  is  used  in  joining  plates  or  forgings,  and  is  applied  in 
the  case  of  joints  in  heavy  plates  where  the  plates  are 
accessible  from  both  sides.  In  very  heavy  plates  a  suc- 
cessful type  of  joint  may  be  made  by  using  small  triangu- 
lar filler  pieces,  thereby  reducing  the  electrode  material. 
The  Straight  Weld,  with  the  symbol  of  a  modified  "  I," 
or  "  II  "  placed  on  its  side,  is  used  only  for  light  plates, 

STRAIGHT 

[ifttca  SHOULD 


STRAIGHT  is  a  term  applied  to  the  "edge  finish"  of  a 
plate,  when  this  edge  is  left  in  its  crude  or  sheared  state.  To 
be  used  only  where  maximum  strength  is  NOT  essential,  or  un- 
less used  in  connection  with  strap,  stiffener  or  frame,  or  where 
it  is  impossible  to  otherwise  finish  the  edge.  Also  to  be  used 
for  a  "strength"  weld  when  edges  of  two  plates  set  vertically 
to  each  other— as  the  edge  of  a  box. 

because  the  arc  is  unable  to  get  down  between  thicker 
plates  and  make  a  good  weld  at  the  bottom.  If  it  were 
attempted  to  use  the  arc  in  a  deep,  straight-sided  opening 
with  a  bare  electrode,  it  would  jump  from  side  to  side  and 
off  the  body  of  the  electrode  rather  than  off  the  point. 
It  is  necessary,  where  this  joint  is  used,  to  vary  the  space 
the  edges  of  the  plate,  depending  upon  the  thick- 
of  the  plate.  The  Single  Bevel  is  in  some  ways 
an  unusual  joint,  not  as  common  as  the  Double  Bevel, 
but  it  has  its  uses,  particularly  in  horizontal  scams.  It 
is  also  claimed  to  be  more  economical  from  the  machin- 
ing point  of  view,  because  only  onq  plate  edge  is  machined. 
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SINGLE  BEVEL  is  a  term  applied  to  the  edge  finish 
of  a  plate  when  this  edge  is  beveled  from  ONE  side  only  to 
an  angle,  the  degrees  of  which  are  left  to  the  designer. 
To  be  used  for  "  strength  "  welding  when  the  electrode  can 
be  applied  from  ONE  side  of  the  plate  only,  or  where  it  is 
impossible  to  finish  the  adjoining  welding  surface. 


The  double  bevel  joint  is  probably  the  one  that  will  be 
most  employed  in  ship  construction.  The  symbol  for  the 
single  and  double  bevel  is  the  single  and  double  arrow. 
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DOUBLE  BEVEL  is  a  term  applied  to  the  edge  finish  of  two 
adjoining  plates  when  the  adjoining  edges  of  both  plates  are 
beveled  from  ONE  side  only  to  an  angle,  the  degrees  of  which 
are  left  to  the  designer.  To  be  used  where  maximum  strength  is 
required,  and  where  electrode  can  he  applied  from  ONE  side 
of  the  work  only. 

POSITION  OF  WELD 

In  arc  welding  the  position  of  the  weld  makes  a 
great  difference.    Fig.  l^  shows  the  four  different  posi- 


FLAT  position  is  determined  when  the  welding  material  is 
applied  to  a  surface  on  the  same  plane  as  the  deck,  allowing  the 
electrode  to  Uc  held  in  an  upright  or  vertical  position.  The  weld- 
ing surface  may  lie  entirely  on  a  plane  with  the  deck,  op  one 
side  may  be  vertical  to  the  deck  and  welded  to  an  adjoining  mem- 
ber that  is  on  a  plane  with  the  deck. 

HORIZONTAL  position  is  determined  when  the  welding 
material  is  applied  to  a  seam  or  opening  the  plane  of  which  is 
vertical  to  the  deck  and  the  line  of  weld  is  parallel  with  the  deck, 
allowing  the  electrode  to  lie  held  in  an  inboard  or  outt>oard 
position. 

VERTICAL  position  is  determined  when  the  welding  ma- 
terial is  applied  to  a  surface  or  seam  whose  line  extends  in  a 
direction  from  one  deck  to  the  deck  aliovc,  regardless  of  whether 
the  adjoining  members  are  on  a  single  plane  or  at  an  angle  to 
each  other.  In  this  position  of  weld  the  electrode  would  also 
be  held  in  a  partially  horizontal  position  to  the  work. 

OVERHEAD  position  is  determined  when  the  welding  ma- 
terial is  applied  from  the  under  side  of  any  member  whose  plane 
is  parallel  to  the  deck  and  necessitates  the  electrode  being  held  in 
a  downright  or  inverted  position. 
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CAULKING 


SYMftPL  7 


TACK 


A  TACK  weld  is  applying  the  welding  material  in  small 
section*  to  hold  two  edges  together,  and  should  always  be  speci- 
fied hv  giving  the  SPACE  from  centre  to  centre  of  weld  and 
the  LENGTH  of  the  weld  itself.  No  particular  "  design  of 
weld  "  is  necessary  of  consideration.  A  TACK  is  also  used  for 
temporarily  holding  material  in  place  that  is  to  he  solidly  welded, 
until  the  proper  alignment  and  position  are  obtained,  and  in  this 
case,  neither  the  LENGTH.  SPACE,  nor  DESIGN  OF  WELD 
is  to  be  specified. 


A  STRENGTH  weld  is  one  in  which  the  sectional  area  of 
the  welding  material  must  be  so  considered  that  its  tensile  strength 
and  elongation  per  square  inch  must  be  equal  at  least  to  80  per 
cent,  of  the  ultimate  strength  per  square  inch  of  the  surrounding 
material.  (To  be  determined  and  specified  by  the  designer.) 
The  welding  material  can  be  applied  in  any  number  of  layers 
beyond  a  minimum  specified  by  the  designer. 

The  density  of  the  crystalline  metals  is  NOT  of  vital  im- 
portance. In  this  form  of  weld,  the  "design  of  weld"  must  be 
specified  by  the  designer  and  followed  by  the  operator. 


A  CAULKING  weld  is  one  in  which  the  density  of  the 
crystalline  metal  used  to  close  up  the  scam  or  opening  is  such 
that  no  possible  leakage  is  visible  under  a  water,  oil  or  air  pres- 
sure of  25  pounds  per  square  inch.  The  ultimate  strength  of  a 
caulking  weld  is  not  of  material  importance;  neither  is  the  "de- 
sign of  weld  "  of  this  kind  necessary  of  consideration.  The  oper- 
ator must  be  the  judge  in  the  number  of  layers  needed  for  a 
tight  weld,  altho  the  designer  should  specify  a  minimum 
amount  of  layers. 


COMPOSITE  AYM6C1.9 


A  COMPOSITE  weld  is  one  in  which  both  the  strength  and 
density  arc  of  the  most  vital  importance.  The  STRENGTH 
must  be  at  least  as  specified  for  a  "strength  weld,"  and  the 
density  must  meet  the  requirements  of  a  "  caulking  weld  "  both 
as  above  defined.  The  minimum  number  of  layers  of  welding 
material  must  always  l>e  specified  by  the  designer,  but  the  welder 
must  be  in  a  position  to  know  if  this  number  must  be  increased 
according  to  the  welder's  working  conditions. 


REINFORCED   _  _ —  —  ~£g*~Z? 


CONCAVE 


REI NEORCEI)  is  a  term  applied  to  a  weld  when  the  top 
layer  of  the  welding  material  is  built  up  above  the  plane  of  the 
surrounding  material  as  at  Fig.  "  A "  or  Fig.  "  B "  above,  or 
when  used  for  a  corner  as  in  Fig.  "  C."  The  top  of  final  layer 
should  project  above  a  plane  of  45  degrees  to  the  adjoining 
material.  This  45-dcgrec  line  is  shown  "dotted"  in  Fij.  "C" 
■bove  This  type  is  chiefly  used  in  a  "Strength"  or  "Com- 
posite" kind  of  weld  for  the  purpose  of  obtaining  the  maximum 
strength  efficiency  and  should  lie  specified  by  the  designer,  to- 
gether with  a  minimum  number  of  layers  of  welding  material. 


CONCAVE  is  a  term  applied  to  a  weld  when  the  top  layer 
finishes  below  the  plane  of  the  surrounding  material  as  at  Fig. 
"  G  "  above,  or  beneath  a  plane  of  45  degrees  at  an  angular  con- 
nection as  at  Figs.  '■  H  "  and  "}"  al*>ve. 

To  be  used  as  a  weld  of  no  further  importance  than  filling 
in  a  scam  or  opening,  or  for  strictly  caulking  purposes,  when  it 
is  found  that  a  minimum  amount  of  welding  material  will  suf- 
fice to  sustain  a  specified  pound  square  inch  pressure  without 
leakage.  In  this  "type  of  weld"  it  will  not  be  necessary  for 
the  designer  ordinarily  to  specify  the  number  of  layers  of 
material,  owing  to  the  lack  of  structural  importance 
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FLUSH  is  a  term  applied  to  a  weld  when  the  top  layer  is 
finished  perfectly  flat  or  on  the  same  plane  as  on  the  adjoining 
material  as  shown  at  Figs.  "  D  "  and  "  F. "  above,  or  at  an  angle 
of  -15  degrees  when  used  to  connect  two  surfaces  at  an  angle  to 
each  other  as  at  Fig.  "  F  "  above.  This  type  of  weld  is  to  be 
uttd  where  a  maximum  tensile  strength  is  not  all  important  and 
musi  be  specified  by  the  designer,  together  with  a  minimum  rium- 
lier  of  layers  of  welding  material. 


TYPE  OF  WELD 

The  next  subdivision  is  here  called  the  "  type  of 
weld,"  but  that  name  may  be  changed,  for  the  sake  of 
simplifying  the  terminology.  The  suggestion,  at  least, 
has  been  made  to  change  it  to  "finish  of  weld"  (see 
Fig.  7).  The  first  "type  of  weld"  is  the  Reinforced 
Weld,  as  is  very  clearly  shown  in  Fig.  7  in  three  different 
types.  In  the  flush  type  the  metal  is  finished  straight 
across,  as  in  the  case  of  a  flush  rivet.  The  Concave 
weld  shows  the  surface  does  not  need  to  be  filled  up 
full,  as  in  the  case  of  these  three  illustrations.  Being 
so  closely  related  to  strength,  the  finish  of  the  weld  will 


tions,  namely,  flat,  Ivorizontal,  vertical  and  overhead. 
The  flat  is  the  most  usual  and  probably  the  most  favor- 
able position,  as  tho  it  were  being  done  on  a  table.  The 
horizontal  is  Such  a  seam  as  would  be  made  on  a  wall 
along  the  top  of  the  wainscoting.  The  vertical,  of 
course,  is  obvious,  as  is  also  the  overhead.  As  to  the 
speed  of  welding,  there  is  not  much  difference  between 
the  flat  and  the  vertical,  and  when  the  welders  become 
skilled  there  is  not  much  choice,  because  they  can  make 
the  two  with  equal  rapidity.  When  the  horizontal  weld 
is  considered,  it  would  probably  go  only  90  per  cent,  as 
fast  as  on  the  flat  weld.  The  quality  of  the  welds  is 
probably  about  equal.  On  the  overhead  weld  the  speed 
falls,  being  only  about  60  per  cent,  that  of  the  flat  weld. 
Il  is  slow  because  it  is  difficult  to  make  the  arc  work  uphill, 
and  the  strain  on  the  operator  is  greater.  The  strength 
of  the  welds  made  in  different  positions  is  up  to  the 
welder  and  there  can  be  no  rule  set.  Some  experts,  how- 
ever, say  that  if  the  flat  is  100  per  cent.,  the  vertical 
is  90  per  cent.,  the  horizontal  85  per  cent,  and  the  over- 
head 80  per  cent.,  but  that  is  based  on  the  margin  of 
safety  rather  than  the  actual  fact,  and  the  research  com- 
mittee, at  least,  is  not  yet  to  the  point  of  stating  that 
any  difference  in  the  quality  of  the  weld  is  due  to 
its  position. 

KIND  OF  WELD 

The  next  thing  the  designer  has  to  tell  the  welder  is 
the  kind  of  weld  to  make.  The  Tack  w  eld  shown  in  Fig.  6 
represented  by  the  symbol  6,  and  is  used  w  here  neither 
strength  nor  tightness  is  needed.  In  specifying  a  tack- 
weld  it  is  necessary  to  give  the  length  of  each  tack  and 
the  distance  from  centre  to  centre,  so  that  the  man  on 
the  job  may  know  what  the  designer  contemplated  in  the 
way  of  strength.  The  next  is  a  caulking  w  eld.  symbol  7, 
in  which  the  prime  requisite  is  not  strength,  but  requisite 
density  to  assure  water  or  oil  tightness.  I  have  great  res|>ect 
for  the  man  who  drew  these  figures,  because  on  paper 
there  is  very  little  difference  in  them.  Symbol  8 
is  a  strength  weld,  and,  as  a  matter  of  fact,  a  good  strength 
weld  will  be  also  usually  a  good  caulking  weld.  For  com- 
pletion, however,  there  is  specified  a  composite  weld, 
which  has  for  its  symlxd  the  figure  9.  This  weld  has  both 
qualities  of  the  strength  and  caulking  welds.  Tt  embodies 
the  strength  of  the  former  and  the  density  of  the  latter. 


jfH    BUTT  WELD,  CONCAVE, 

CAULK1N<5    OF    Z  LAYERS, 

_xj  flat;  straight. 


FLAT  WE16 


Thc  symbol  shown  represents  a  Butt  Weld  between  two 
with  the  welding  material  finished  concaved  and  applied 
in  a  minimum  of  two  layers  to  take  the  place  of  caulking.  The 
edges  of  the  plates  arc  left  in  a  natural  shear  cut  finish.  This 
symbol  will  be  quite  frequently  used  for  deck  plating  or  any 
other  place  where  strength  is  not  essential,  but  where  the  ma- 
terial must  be  water,  air  or  oil  tight. 


BUTT    WELD,  REINFORCED. 
STRENGTH    Or   3  LAYERS, 
VERTICAL,    DOUDLt  VEE. 


oouDct.  yen 


83  V 
x 


This  symbol  is  used  where  the  edges  of  two  plates  are  ver- 
tically butted  together  and  welded  as  a  strength  member.  The 
edges  of  the  adjoining  plates  arc  finished  with  a  "Double  Vee  " 
and  the  minimum  of  three  layers  of  welding  material  applied 
from  each  side,  finished  with  a  convex  surface,  thereby  making 
the  sectional  area  per  square  inch  of  the  weld  greater  than  that 
of  the  plates.  This  will  he  a  conventional  symbol  for  shell  plat- 
ing or  any  other  members  requiring  a  maximum  tensile  strength, 
where  the  welding  can  be  done  from  both  sides  of  the  work. 
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ultimately  have  to  be  specified  by  the  drafting  room. 
To-day  the  designer  asks  the  welder  how  to  best  do  a 
job,  but  of  course,  ultimately,  the  design  properly  sym- 
bolized will  be  shown  on  the  drawing  or  else  will  be 
covered  by  standard  s|*cifications. 


93  r 


BUTT  WtLD,  FLUSH, 
COMPOSITE,  or  3  LAYERS 
FLAT,   double:  BEVEL. 


FLAT  WfcLO 


This  symbol  shows  two  plates  hutted  together  it)  a  Hat  ihjm- 
tion  where  the  welding  can  only  I*  applied  from  the  top  surface. 
It  shows  a  weld  required  for  plating  where  both  strength  and 
water-tightness  are  to  be  considered.  The  welding  material  is 
applied  in  a  minimum  of  three  layers  and  finished  flush  with  the 
level  of  the  plates.  Both  edges  of  the  adjoining  plates  arc 
beveled  to  an  angle,  the  degrees  of  which  are  left  to  the  dis- 
cretion and  judgment  of  the  designer,  and  should  only  be  used 
when  it  i*  impossible  to  weld  from  both  sides  of  the  work. 

Fig.  8  shows  the  combination  of  symbols.  The  square 
is  the  symbol  of  the  Butt  joint.  The  inverted  half  moon 
inside  the  square  at  the  top  shows  that  it  is  a  concave 
type  of  weld.  Underneath  this  the  first  numeral  "  7  " 
shows  that  it  is  a  caulking  weld,  the  next  numeral  "  2  " 


A 


LAP  WELC*  CONCAVE, 
CAULKING    OF    Z_  LAYERS, 
OVERHEAD   ANP  FLAT, 
STRAIGHT 


FLAT  WtLP 


The  sketch  shows  the  edges  of  two  plates  lapping  each  other 
with  the  welding  material  applied  in  not  less  than  two  layers  at 
each  edge,  with  a  concaved  caulking  finish,  so  applied  as  to  make 
the  welded  seams  absolutely  water,  air  or  oil  tight.  The  edges  of 
the  plates  themselves  are  left  in  a  natural  or  sheared  finish.  Con- 
ditions of  this  kind  will  often  occur  around  bulkhead  door  frames 
where  maximum  strength  is  not  at 


behind  the  "  7  "  shows  that  the  o|>erator  must  put  in 
two  layers.  The  letter  "  F  "  on  the  same  line  shows 
that  the  position  of  the  weld  is  flat  and  the  "  I  "  in  the 
txittom  of  the  square  indicates  that  the  design  of  the  weld 
is  straight.    In  the  next  diagram  (Fig.  8}  the  symbols 


LAP   WELCJ    REINFORCE  R 
STRENGTH   OF  3  LAYERS 
AND    TACKING,   16"  CENTER 
TO  CENTER,    G"  LONG, 
VERTICAL,  STRAIGHT 


The  illustration  herein  shown  is  somewhat  exaggerated  as 
regards  the  bending  of  the  plates,  but  it  is  only  shown  this  way 
to  fully  illustrate  the  tack  and  continuous  weld.  It  shows  the 
edges  of  the  plates  lapped  with  one  edge  welded  with  a  continu- 
ous weld  of  a  minimum  of  three  layers  with  a  reinforced  finish, 
thereby  giving  a  maximum  tensile  strength  to  the  weld,  and  the 
other  edge  of  the  plate,  tack  welded.  The  tacks  are  six  inches 
long  with  a  space  of  12  inches  between  the  welds  or  18  inches 
from  centre  to  centre  of  welds.  In  both  cases,  the  edges  of 
plates  arc  left  in  a  natural  or  sheared  state. 


PLUG    ANP    LAP    WE  LP, 
STRENGTH    OF    3  LAYERS* 

FLUSH,    FLAT,  OVER  HEAP, 
HORIZONTAL. 

FL.A1 


OVCftHCAP 


noon  ONTOl 


The  sketch  shows  a  condition  exaggerated,  which  is  apt  to 
occur  in  side  plating  where  the  plates  were  held  in  position  with 
bolts  for  the  purpose  of  alignment  before  being  welded.  The 
edges  arc  to  be  welded  with  a  minimum  of  three  layers  of  welding 
material  for  a  strength  weld  and  finished  flush,  and  after  the 
bolts  are  removed,  the  holes  thus  left  are  to  be  filled  in  with 
welding  material  in  a  manner  prescribed  for  strength  welding. 
The  edges  of  the  plates  are  to  be  left  in  a  natural  or  sheared 
state,  which  is  customary  in  most  cases  of  lapped  welding. 


434 


SEPTEMBER.    NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


ELECTRIC  WELDING 


may  be  read  off  in  the  same  way  as  above  illustrated.  In 
the  third  diagram  on  Fig.  8  the  square  symbol  indicates 
the  butt  weld,  the  dash  in  the  top  of  the  square  shows  that 
it  is  flush,  the  numeral  "  9  "  shows  that  it  is  composite, 
numeral  "  3  "  determines  the  number  of  layers,  the  letter 
"  F  "  makes  it  a  flat  weld  and  at  the  bottom  the  dash 
with  the  arrow  heads  on  each  end  designates  it  as  a 
double  bevel  design. 

Fig.  9  illustrates  some  additional  symbols  showing  a 
Caulking  weld  of  two  layers.  It  is  shown  both  over- 
head and  flat  and  the  plate  finish  is  straight.  The 
second  diagram  in  Fig.  9  is  more  complicated,  and  is  of 
a  lap  weld,  reinforced  with  three  layers  after  tacking. 
The  distance  of  the  tacking  from  centre  to  centre  and 
length  of  the  tacks  and  the  finish  are  all  given.  The 
third  diagram  in  Fig.  9  is  another  application  of  the 


GENERAL  NOTES 

All  butt  straps  to  be  of  IS  * 
plating  3"  wide  and  to  be  ap- 
plied on  inboard  side  of  plat- 
ing. All  butt  strap*  to  be 
fattened  to  the  forward  plate 
in  the  shops.  All 
a 

shop  work. 


will  still  float.  The  wood  is  fitted  to  the  shelf  and  built 
up  to  quite  a  height.  The  keel  goes  down  some  15  feet 
and  is  about  a  foot  and  a  half  wide.  The  sides  are  of 
15-pound  plates  and  the  floors  arc  set  up  between  the  two 
sides.  This  keel  is  full  of  water  and  pig-iron  so  as  to 
hold  the  target  vertically.  This  structure  is  rigid  and 
subject  to  all  the  wave  stresses  that  are  met  at  sea. 
While  it  is  not  a  ship,  it  is.  nevertheless,  subjected  to 
the  same  stresses  and  sea  conditions  that  would  affect 
any  seagoing  vessel,  and  we  hope  by  introducing  a 
variety  of  welds  in  this  job  to  get  a  good  line  on  the 
possibilities  of  electric  welding. 

Fig.  11  gives  a  number  of  details  of  the  welded  joints 
and  again  emphasizes  the  ease  and  rapidity  with  which 
drawings  for  welded  construction  can  be  made.  There 
will  no  doubt  be  a  great  deal  of  saving  in  the  drafting 

.  • «     -  •  .... 


same  thing,  in  which  two  kinds  of  joints  appear,  the  sym- 
liols  being  superimposed,  indicating  that  it  is  a  plug 
and  lap  joint.  Many  combinations  of  symbols  have  been 
worked  out  and  are  very  interesting,  as  is  also  the  ease 
with  which  they  may  be  placed  on  the  drawing. 

DESIGN  OF  BATTLE-TOWING  TARGET 

Fig.  10  shows  a  portion  of  the  steel  keel  for  a  battle- 
towing  target  now  building  at  the  Norfolk  Navy  Yard. 
This  design  was  prepared  for  mc  by  the  subcommittee  of 
Design  of  the  F.lectric  Welding  Committee,  and  shows 
the  method  of  building  the  steel  keel  with  electrically 
welded  joints.  It  also  demonstrates  the  case  of  applying 
the  symbols  which  I  have  just  explained,  atid  I  wish  to 
call  attention  to  the  lack  of  the  usual  dimensioning  that 
would  be  necessary  on  a  similar  riveted  structure.  The 
upper  structure  is  of  wood.  The  buoyancy  is  all  in  the 
wood  so  that  if  the  target  is  shot  to  pieces  the  structure 


room  as  well  as  in  the  shop  when  this  application  is 
generally  applied  to  shipbuilding  processes. 

This  practically  finishes  the  question  of  nomenclature. 
It  is  not  so  complicated  after  all  in  its  conception,  and  I 
do  not  think  it  will  be  found  very  complicated  in  practice. 
Its  use  is  absolutely  necessary,  if  we  are  going  to  under- 
stand each  other  as  we  must. 

I  consider,  however,  that  the  main  message  that  I 
can  deliver  to  the  shipbuilder  is — For  goodness'  sake,  go 
ahead  and  use  arc  welding.  We  do  not  want  arc  welding 
of  the  whole  ship  yet,  nor  do  we  want  to  do  extensive 
jobs,  but  there  are  thousands  of  jobs  that  can  be  done 
profitably,  in  money  and  time,  by  the  help  of  arc  welding, 
and  by  the  help  of  the  classification  societies,  which  have 
already  done  so  much  in  opening  up  the  extensive 
field  of  this  very  remarkable  addition  to  the  industry 
of  shipbuilding. 
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Second  Discussion 


"  TOOLS  FOR  ELECTRIC  WELDING 

By  W.  L.  MERRILL 

Engineer.  Power  and  Mining  Department,  General  Electric  Company 

y,  N.  Y. 


BEFORE  discussing  the  tools  and  the  methods  of 
producing  welds,  it  may  be  well  briefly  to  go  into 
some   of   the   fundamental    principles   of  the 
processes  of  arc  and  spot  welding,  since,  at  the  present 
time,  these  types  of  welds  are  the  most  important  so 
far  as  making  progress  in  the  shipbuilding  program. 

ARC  WELDING 

In  a  sense  arc  welding  is  different  from  blacksmith 
welding,  or  spot  welding,  or  welding  where  no  addi- 
tional metals  are  used  for  filling  purposes,  and  is  well 
illustrated  in  the  principle  on  which  the  electric  fur- 
nace is  operated.  In  Fig.  1  is  shown  a  very  general 
type  of  such  a  furnace,  having,  let  us  say,  two  elec- 
trodes.   Here  we  have  the  furnace  charge  consisting 


scrap  ere 


fig.  1 


of  scrap  iron,  pig  iron,  iron  ore  or  other  metals;  the 
source,  of  electric  supply ;  and  the  regulators  for  main- 
taining a  definite  current. 

There  are  many  types  of  these  furnaces  in  use,  but, 
regardless  of  the  type,  there  is  but  one  object  to  be 
accomplished,  i.e.,  to  put  heat  in  the  charge,  bring  it  to 
temperature,  refine  it,  and  make  it  into  a  molten  state 
to  produce  castings.  The  accomplishment  of  this  ob- 
ject in  the  electric  furnace  is  brought  about  by  the 
application  of  the  same  principles  and  instruments 
used  in  arc  welding,  with  the  difference  that  in  the  fur- 
nace carbon  is  used  to  conduct  the  current  down  to  the 
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*  This  is  the  second  of  a  scries  of  lectures  on  "  Electric 
WeldiiiK"  held  under  the  auspices  of  the  V.  S.  Shipping  Hoard 
in  the  Auditorium  of  the,  Engineers'  Chili  of  Philadelphia,  Wed- 
nesday, July  10.  Kjitf. 


metal,  whereas  in  arc  welding  a  metal  electrode  is 
employed,  the  end  of  which  melts  as  the  heat  becomes 
intense  enough  to  fuse  the  metal. 

For  illustration,  let  us  consider  a  most  simple  kind 
of  weld ;  say  two  pieces  of  steel  plate  (see  Fig.  2)  which 
are  to  be  joined  together.  In  this  case  the  plate  be- 
comes one  side  of  the  welded  surface,  while  the  ma- 
terial added  to  fill  the  gap  between  the  plates  forms 
the  other  side.  As  the  arc  is  started  and  heat  produced, 
the  sole  object  is  to  create  a  miniature  arc  furnace,  sup- 
plying the  material  by  hand  in  the  same  way  as  the 
regulator  on  the  furnace  runs  the  electrode  down  and 
maintains  a  definite  length  of  arc.  If  the  currents  are 
not  properly  adjusted ;  if  the  apparatus  is  not  arranged 
so  as  to  give  the  proper  welding  conditions,  or  the 
operator  unskilled,  a  weld  will  be  produced  in  most 
cases  like  the  one  shown  in  Fig.  3.    There  will  be  no 
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difficulty  in  filling  up  the  groove  with  molten  metal, 
but  a  section  cut  thru  the  weld  will,  in  most  cases,  show 
a  cleavage,  even  to  leaving  the  original  tool  marks 
visible.  Altho  this  is  not  a  weld,  there  is  some  adhesion 
and  more  or  less  strength.  To  weld  properly,  however, 
the  operator  must  start  at  the  bottom  of  the  groove, 
and.  by  alternately  filling  in  and  then  melting  a  little 
metal  at  a  time,  continue  in  this  manner  until  the  gap 
has  been  entirely  filled  as  shown  in  Fig.  4. 
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ARC  WELDING  TOOLS 

Understanding,  then,  the  conditions  for  which  we 
are  striving,  and  bearing  in  mind  that  there  are  really 
only  three  tools  for  arc  welding,  let  us  see  what  we 
have  to  start  with.  Of  these  tools,  first  in  order  is 
the  source  of  current;  second,  some  transforming  or 
control  device  to  control  the  current  within  necessary 
limitations;  and  third,  the  skill  and  brain  of  the  oper- 
ator. In  estimating  roughly  the  worth  of  these  tools, 
I  would  valuate  the  current  and  controlling  device  at 
10  per  cent.,  and  the  skill  and  brain  of  the  operator  at 
90  per  cent.,  and  accordingly  I  consider  a  most  im- 
portant factor  in  this  industry  the  cooperation  schools, 
since  in  these  schools  welders  will  be  trained  who  can  do 
entirely  satisfactory  work  with  the  tools  supplied  tlieni. 
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CHOICE  OP  CURRENT 

Successful  welding  can  be  done  with  both  alternat- 
ing and  direct  current,  and  both  systems  have  their  ad- 
vantages. In  general,  however,  local  conditions,  such 
as  the  kind  of  current  with  which  the  shipyard  is  sup- 
plied, together  with  location  of  the  welding  operations, 
i.e.,  whether  done  in  the  shop  or  field,  may  well  be  the 
determining  factors. 

In  the  case  of  shop  welding,  where  the  operators 
are  close  together,  the  work  is  brought  to  the  welding 
apparatus  rather  than  the  apparatus  to  the  work.  It 
would  seem  to  be  folly  to  transform  from  D.C.  to  A.C., 
or  tiVf  versa,  but  there  are  limitations  which  must  be 
considered.  If  a  considerable  number  of  welders  arc 
to  be  employed,  welding  directly  by  A.C.,  the  low- 
power  factor  of  the  load  must  be  taken  into  considera- 
tion with  the  supply  system ;  and  while  it  would  be 
folly  to  transform  from  D.C.  to  A.C,  it  might  be 
necessary  to  transform  from  A.C.  to  D.C.  for  any  con- 
siderable number  -of  welders.  In  such  a  case,  only  by 
a  study  of  the  conditions  prevailing,  and  the  ability  of 
cither  A.C.  or  D.C.  equipment  to  meet  these  conditions, 
can  the  choice  of  current  be  determined. 

DISTRIBUTION  SYSTEMS 

If  wc  bear  in  mind  that  a  very  low  voltage  is  used 
in  carrying  on  any  welding  operation— a  voltage  rang- 
ing from  12  to  15  volts,  using  direct  current,  and  per- 
haps 20  to  30  volts  using  alternating  current — it  will 
be  realized  that  the  matter  of  distribution  over  a  ship 
becomes  a  problem. 

If  a  central  station  be  placed  near  the  ship  to  trans- 
mit the  cun-ent  at  these  low  voltages  to  the  required 
points,  it  will  mean  that  the  cable  supply  will  be  in  the 
way,  and  present  probably  even  a  more  serious  fault 
than  does  air  hose  at  the  present  time.  From  an  engin- 
eering standpoint,  also,  it  would  be  unpracticablc  to 
distribute  at  these  low  voltages,  so  that  it  is  necessary 
to  arrange  some  device  by  which  it  is  possible  to  divide 
the  power  into  different  sections. 
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One  system  that  has  been  worked  out  and  will  prob- 
ably be  installed  in  one  of  the  larger  yards,  where  a 
voltage  of  2200  is  used  to  start  with,  is  shown  in  Fig.  5. 
Here  four  60-cyck-  motor-generator  sets,  each  having  a 
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potential  of  60  volts  and  a  resistance  to  reduce  thar. 
voltage  wherever  the  men  happen  to  be  working,  are 
employed.  Each  motor-generator  set  has  a  capacity 
equal  to  one- fourth  that  required  by  the  total  number 
of  welders,  which  in  this  case  is  about  60,  and  therefore 
distributes  15  operators  over  each  section. 

Another  system  that  can  be  used  requires,  from  the 
nature  of  the  system,  125  volts  direct  current  to  start 
with,  so  that  in  case  the  yard  were  supplied  as  above 
with  2200  volts  A.C.  it  would  be  necessary  to  trans- 
form from  2200  to  125,  each  welder  down  in  the  ship 
having  his  own  motor-generator  set.  • 

Still  another  system  which  can  be  used — and  is  be- 
ing used,  by  the  way,  in  some  yards — consists  of  lead- 
ing up  to  some  convenient  deck  on  the  ship  with  2200 
volts  and  there  reducing  down  thru  a  static  trans- 
former, to.  say,  440  volts  A.C,  instead  of  reducing  to 
125  volts  D.C.  In  this  case  motor-generator  sets  for 
each  welder  reducing  from  440  volts  A.C.  to  40  or  60 
volts  D.C.  would  be  used. 

A  still  further  system  consists  of  a  reduction  to 
1 10  to  125  volts  A.C,  then  running  with  dead  resistance 
or  reactance,  and  welding  directly  with  A.C. 


iso  mipim» 
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fig.  6 

Due  to  some  peculiarity  in  striking  the  arc,  it  be- 
comes necessary  to  start  with  110  volts,  or  a  little 
over,  in  the  case  of  A.C,  while  with  direct  current.  40 
to  60  volts  are  all  that  are  necessary.  Therefore,  as- 
suming that  the  current  required  in  either  A.C  or 
D.C.  welding  is  the  same,  we  sec  that  a  basis  may  be 
had  for  computing,  in  each  case,  the  capacity  of  the 
lines.   See  Figs.  6  and  7. 
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Electrically  welded  steel  plates  y2  inch  and  I  inch  thick 
alter  being  tested  in  tension.  Showing  effect  of  compound 
stresses  due  to  effect  in  line  of  tension  caused  by  the  lapping 
of  the  pales. 


Machine  for  experimental  welding  of  heavy  steel  by  elec- 
tricity current.  Capacity,  100,000  amperes.  Pressure  capacity. 
36  toii!>.    Sample  weld  being  made. 


Two-inch  tubes  electric  arc  welded  in  ;i-in.  boiler  plat*, 
showing  welds  and  battered  tubes.    No  oil  leaks  produced. 
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HOLDERS,  MASKS 

Of  the  other  tools,  such  as  electrode  holders,  and 
masks  for  the  protection  of  the  operators,  very  little 
need  be  said.  There  are  many  of  these  devices  in  use, 
each  of  which  is  doing  good  work  in  the  railroad  shops 
and  other  places  where  electric  welding  has  been  used 
for  a  number  of  years.  It  is  hoped  that  some  of  the 
best  ones  will  be  chosen  and  standardized  for  ship 
work. 

SPOT  WELDING 

So  far  as  electric  welding  is  concerned,  spot  welding 
is  one  of  the  oldest  arts.  It  has  been  used  for  many 
years  in  the  welding  of  thin  plates  up  to  a  thickness 
of  one-quarter  inch,  and  recent  experiments  have 
shown  it  feasible  to  spot  weld  in  one  operation  as  many 
as  three  one-inch  plates.1 
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The  action  which  takes  place  in  the  spot  weld  is 
practically  the  same  as  that  which  takes  place  when  a 
blacksmith  makes  a  weld.  The  plates  are  put  under  a 
heavy  hydraulic  or  air  pressure,  and  an  alternating 
current  at  high  density  sent  thru  the  plates  by  means 
of  electrodes  located  immediately  above  and  below  the 
area  under  compression.  See  Fig.  9.  As  the  current 
heats  up  the  contact  area  of  the  plates  (see  Fig.  8),  this 
area  becomes  plastic  and  the  pressure  squeezes  the  sur- 
faces together.  While  in  that  condition  they  cool. 
First  the  current  is  taken  off,  then  the  pressure  and  the 
weld  is  complete. 

SPOT-WELDING  TOOLS 

So  far  as  shipbuilding  is  concerned,  the  extent  to 
which  spot  welding  may  be  commercially  applied  has 
not  yet  been  determined.  Three  experimental  ma- 
chines are,  however,  being  built  at  the  present  time 
for  the  Hog  Island  yard  by  means  of  which  it  is  hoped 
the  limitations  of  spot  welding  in  this  field  may  be 
ascertained. 

Fig.  9  shows  one  of  these  machines,  a  heavy 
•welder,  with  a  capacity  of  15  to  20  tons  pressure,  which 
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will  have  about  a  six-foot  gap.  With  this  machine  we 
expect  to  fabricate  by  spot  welding,  with  no  previous 
work  except  the  cutting,  such  portable  structures  as 
deck  houses,  which  are  now  being  put  together  in  the 
shops  by  riveting. 

The  second  machine  (see  }-ig.  \o),  which  is  being 
built  on  exactly  the  same  principle,  but  for  another 
purpose,  is  to  be  used  in  making  up  the  floors.  With 
this  machine  it  is  hoped  that,  when  the  plates  and 
angles  have  to  be  assembled,  it  will  be  possible  to  go 
around  them  and  "  spot "  them  together  in  the  same 
way  as  is  now  done  with  a  bull  riveter.  While  it  is  not 
thought  possible  to  fabricate  this  work  as  quickly  by 
spot  welding  as  by  riveting,  it  is  nevertheless  expected 
to  show  a  saving  in  the  total  time  required  when  all 
the  work  preliminary  to  riveting  is  taken  into  consid- 
eration. Even  marking  with  a  punch  may  be  elim- 
inated, where  numbers  of  pieces  of  the  same  size  and 
dimensions  arc  welded,  if,  as  is  expected,  a  method  of 
clamping  may  be  worked  out. 
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The  third  experimental  machine,  now  being  built,  is 
exactly  like  the  second,  and  of  the  same  capacity  but  of 
a  smaller  size.  This  machine  will  be  used  for  smaller 
work  where  the  throat  of  the  other  machine  is  not 
necessary,  and  it  is  expected  that  there  will  be  a  large 
field  for  its  use  in  putting  on  fishplates,  angles  and 
other  structural  shapes. 

From  these  machines  it  is  expected  to  obtain  data 
showing  comparisons  in  labor,  cost  and  time  between 
riveting  and  spot  welding.  If,  as  confidently  expected, 
these  comparisons  are  favorable  to  spot  welding,  it  will 
mean  that  the  material  can  go  directly  from  the  shears 
to  the  welders  without  any  previous  punching  either 
in  the  fabrication  shops  or  in  the  shipyard. 

The  remaining  discussions  will  appear 
in  future  issues  of  the  Journal 
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THE  RELATION  OF  LIGHT  TO  HEALTH* 

Bv  CHARM'S  E.  de  M.  SAJOUS,  M.I).,  1.1.1).,  St-.D. 

/I  discussion  of  the  possibilities  in  the 
Illuminating  Engineer's  field  fur  the  de- 
velopment of  the  applications  of  light  for 
the  preservation  of  health  and  the  cure 
of  disease. 


JkLTHO  the  influence  of  light  upon  health  lias  re- 
/  \  ceivetl  considerable  attention  in  recent  years,  a 
*  *•  perusal  of  the  literature  of  the  subject  indicates 
tliat  the  fundamental  principle  of  the  question,  the  manner 
in  which  our  tissues  are  actually  affected  by  radiant 
energy  has  remained  obscure.  It  is  known,  for  instance, 
that  light  favors  tissue  oxidation  and  the  perpetual  whirl- 
pool in  the  cells  of  all  tissues  which  constitute  the  life  of 
the  cell ;  we  know  that  it  favors  the  formation  of  blood- 
cells  and  their  active  agent,  hemoglobin,  thru  which  the 
oxygen  of  the  air,  taken  up  in  the  lungs,  is  transported 
to  the  tissues ;  we  know  that  the  lymphatic  system,  that 
great  filtering  plant  of  the  blood-serum,  becomes,  at  least 
in  the  superficial  tissues,  especially  active  in  its  work  of 
purification ;  we  know  that  it  favors  the  eliminatory  func- 
tions of  the  skin ;  we  know  that  by  exciting  the  multitude 
of  minute  cutaneous  nerve  organs,  it  conveys  to  the  spinal 
cord  and  brain  impulses  which,  by  exciting  therein  various 
nerve  centers,  cause  them  to  send  out  stimulating  im- 
pulses to  the  sweat-glands,  the  heart,  the  blood-vessels 
and  other  organs,  thus  increasing,  so  to  say,  the  vigor  of 
their  functions.  Yet,  if  we  ask  the  simple  question  how 
arc  these  many  beneficial  effects  produced,  but  little  in- 
formation is  vouchsafed.  Briefly,  we  arc  left  virtually 
in  the  dark. 

What  I  wish  to  submit  is  a  new  line  of  thought  based 
on  many  solidly  grounded  facts,  which  tend  to  show  the 
manner  in  which  radiant  energy  brings  about  its  bene- 
ficial effects.  It  is  based  on  work  that  has  already  con- 
tributed much  to  our  knowledge  of  biological  phenom- 
ena, and  which  bids  fair  to  revolutionize  scientific  medi- 
cine by  filling  gaps  and  eliminating  complexities;  and  this, 
even  tho  it  has  entailed  the  addition  of  at  least  six  organs 
to  the  many  which  already  render  our  investigational 
labors  so  arduous.  Yet  these  six  newly  identified  organs  — 
new  continents  for  explorers,  I  might  say — have  this  in 
common :  They  are  all  closely  connected  with,  and  serve 
to  perpetuate,  those  functions  that  sustain  both  the  life 
of  our  tissues  and  their  protection  against  disease.  They 
may  be  said  to  penetrate,  in  fact,  into  the  very  sanctum 
of  our  physical  existence  on  earth.  Now,  it  happens  that 
light,  or  rather  radiant  energy,  effectively  influences  some 
of  the  most  active  of  these  organs,  whose  wonderful 
functions  have  been  actively  studied  since  that  great 

*  Presented  before  the  Philadelphia  Section  of  the  Illuminat- 
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Franco-American,  Brown-Sequard,  first  emphasized  their 
importance.  He  described  them  as  the  "organs  of  in- 
ternal secretion,"  because  their  products  or  secretions, 
unlike  those  of  salivary  or  sweat-glands,  for  instance, 
which  secrete  externally,  are  dealt  out  internally,  that  is 
to  say,  in  the  blood-stream  or  kindred  fluids.  I  must, 
however,  introduce  a  word  of  caution,  in  the  present  con- 
nection, for  the  lines  of  thought  introduced  this  evening 
are  but  my  own,  and,  altho  based  on  solid  data,  are 
only  submitted  as  working  propositions,  or  as  a  field  for 
new  explorations. 

It  is  perhaps  unnecessary  to  recall  that  our  tissues  are 
made  up  of  closely  crowded  cells,  composed  in  turn  of 
living  substance  known  as  protoplasm.  This  appties  to 
all  living  matter,  vegetal  as  well  as  animal.  \\"htle  we 
know  that  protoplasm  is  composed  of  many  chemical 
elements,  arranged  in  a  complex  manner,  we  obtain  there- 
from no  hint  of  the  marvelous  property  we  term  "  life  "- 
even  tho  it  is  to  this  special  phase  of  the  problem  that  1 
will  refer  to-night.  While  protoplasm  cells  differ  in  ap- 
pearance and  structure  in  different  plants  and  animals, 
tho  very  similar  in  chemical  attributes,  they  all  contain  a 
nucleus  or  kernel  which  has  much  to  do  with  their  vital 
activities.  They  have  also  in  common  two  properties, 
those  of  movement  and  contractility. 

How  is  this  living  protoplasm  affected  by  light?  A 
beam  of  light  will  cause  a  minute  mass  of  protoplasm  to 
expand  or  retract ;  if,  however,  the  intensity  of  the  light 
exceeds  a  certain  limit,  the  contraction  will  become  rela- 
tively intense  and  sharp.  This  is  an  expression  of  the 
inherent  irritability  just  referred  to.  It  is  sufficiently 
marked  in  some  of  the  smaller  organisms  to  awaken  con- 
tinuous motion  or  even  active  propulsion,  motion  ceasing 
at  once  as  soon  as  the  light  is  removed.  Briefly,  light 
means  active  life  in  these  organisms  and  darkness  but  a 
potential  stage  of  vital  activity.  They  seek  the  brighter 
areas  of  the  fluid  in  which  they  are  immersed,  an  illumined 
area  becoming  a  meeting  spot,  as  it  were,  of  their  kind. 
Their  growth  is  greatly  influenced  as  well  as  their  shape. 
Even  the  higher  organisms  show  this  influence,  certain 
organs,  those  of  fructification  in  myeclia,  for  instance, 
failing  totally  to  develop  in  darkness. 

So  marked  is  the  influence  of  light  upon  vital  activities 
that  it  has  been  taken  advantage  of  to  promote  the 
growth  of  plants.  Thus  in  Siemen's  experiments  plants 
exposed  during  the  day  to  normal  conditions  in  the  green- 
house and  to  six  hours  of  electric  light  at  night  were  found 
to  surpass  greatly  in  their  vigor  and  color  similar  plants 
grown  under  normal  conditions  in  the  greenhouse.  While 
a  powerful  light  used  tare,  gave  poor  results  in  the  cul- 
tivation of  fruit,  owing  to  the  ultra-violet  rays  entailed, 
a  dear  glass  globe  placed  over  the  lamp  greatly  favored 
their  development  without  in  the  least  impairing  their 
flavor.  "  Peas,  raspberries,  strawberries,  grapes,  melons 
and  bananas  fruited  early  and  abundantly  under  con- 
tinuous light,  solar  light  by  day  and  electric  light  by 
night.  .  .  .  Wheat,  barley  and  oats  grew  so  rapidly  that 
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they  fell  to  the  ground  of  their  own  weight."  Might 
these  few  of  the  many  experiments  recorded  not  be  taken 
advantage  of  during  the  present  strain  for  wheat  and 
other  vegetable  staples  where  water  power  would  supply 
an  inexhaustible  and  inexpensive  source  of  energy? 
Plants  grown  under  such  conditions  are  not  only  pro- 
duced with  far  greater  rapidity,  but  they  are  also  more 
robust  and  richer  in  nutritious  materials. 

Approaching  nearer  the  higher  organisms  as  regards 
the  influence  of  light  upon  them,  we  must  bear  in  mind 
the  often  overlooked  fact  that  respiration,  that  is  to  say 
the  absorption  of  oxygen  and  the  elimination  of  carbon 
dioxide,  continues  equally  well,  even  in  plants,  in  light 
and  darkness,  while  the  chlorophyll  function  fails,  the 
plant  remaining  pale  where  light  is  not  supplied.  While 
this  pallor  is  due  to  the  loss  of  oxygen  by  the  chlorophyll, 
the  fact  remains  that  we  are  dealing  with  a  function 
which  is  quite  the  converse  of  the  former.  Briefly,  the 
plant  breathes  as  we  breathe,  taking  up  oxygen  and  giving 
off  carbonic  acid,  but  it  also  does  the  reverse:  its  chloro- 
phyll or  coloring  matter  gives  off  oxygen  and  takes  up 
carbonic  acid  and  breaks  it  up,  setting  the  oxygen  free; 
but  in  doing  this,  it  liberates  the  carbon  to  build  up  sugar, 
gum,  starch,  albumin  and  cellulose,  all  essential  materials 
in  structure  and  development  of  the  plant 

This  influence  of  light  on  plants  is  but  the  counter- 
part of  its  action  upon  our  tissues.  It  is  here  that  we 
must  recall  the  close  chemical  structure  of  animal  and 
vegetable  proteids,  i.e.,  the  similarity  lietween  vegetal 
and  animal  protoplasm.  This  applies  ix>t  only  to  the  car- 
bon, hydrogen,  nitrogen,  oxygen  and  sulphur  percentages, 
but  also  to  their  properties  ami  reactions.  Briefly,  the 
living  matter  of  our  tissues  and  that  of  plants  is  on  the 
whole  the  same. 

The  effects  of  light  on  plant  protoplasm  are  usually 
attributed  to  art  excito-motor  action,  due  mainly  to  the 
blue  or  indigo,  violet  or  ultra-violet  rays  of  light.  In  the 
human  organism  this  same  excito-motor  effect  may  also 
be  discerned  in  various  ways.  While  impinging  upon  the 
whole  of  the  exposed  skin,  the  light  excites  mainly  the 
sensory  nerve  organs  which  endow  it  and  also  the  mucous 
membranes  with  the  sense  of  touch,  the  sensations  of  heat, 
cold,  pain,  etc.  Excited,  these  superficial  sense  organs 
convey  impulses  to  the  deeper  nerve  centers,  the  brain 
or  spinal  cord,  and  these  send  back  outward  impulses 
not  only  to  the  skin,  its  sweat-glands,  etc.,  but  also  the 
centers  governing  other  functions.  An  example  of  this  is 
afforded  by  the  hypersensitive  centers  of  the  unfortunate 
hay  fever  sufferer.  Many  find  all  their  symptoms  greatly 
aggravated  when  they  are  ex|*>sed  to  bright  light,  and 
most  of  them  are  obliged  to  wear  dark  glasses.  Sneezing, 
which  brings  into  play  a  large  numlier  of  muscles,  lachry- 
mation  and  the  whole  gamut  of  symptoms  of  the  disease, 
may  be  awakened  merely  because  Hie  bright  light  of  day, 
by  impinging  upon  their  retina,  transmits  to  the  deeper 
centers  vibrator)'  energy  which  excites  these  hypersen- 
sitive centers  to  excessive  activity  and  manifests  itself  as 
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an  excito-motor  phenomenon  as  complex  as  it  is 
unpleasant. 

What  is  the  nature  of  the  phenomenon?  We  have  seen 
that  the  absence  of  light  does  not  influence  the  respiratory 
function  of  the  plant,  but  that  its  chlorophyll  assimila- 
tion, its  fundamental  function,  so  to  say,  ceases  in  the 
absence  of  light  energy.  Vet,  just  as  the  respiratory 
process  involves  the  participation  of  oxygen,  so  does  it 
seem  probable  that  oxygen  must  be  regarded  as  factor  of 
the  action  of  light  upon  chlorophyll  assimilation.  This 
might  appear  to  you  as  far  afield  of  the  subject  in  point, 
the  influence  of  light  on  health,  but  as  you  will  sec  pres- 
ently, such  is  not  the  case.  Indeed,  personal  investiga- 
tions ap]>ear  to  me  to  have  shown  that  there  exists  at 
least  a  close  kinship  between  this  important  function  of 
plants  and  one  which  in  man  has  failed  so  far  to  be  recog- 
nized. Briefly,  from  my  viewpoint,  just  as  we  have  seen 
that  the  chemical  structure  of  animal  and  plant  proto- 
plasm are  practically  identical,  so  is  there  in  the  animal 
tissues  a  chlorophyll-like  substance  which  endows  them, 
precisely  as  it  does  the  plant  in  full  activity,  with  their 
vital  energy. 

The  importance  of  this  fact  to  lighting  engineers  is 
that  it  will  tend  to  confirm,  and  pcrhai*  explain,  the 
close  kinship  between  the  chemistry  of  life  and  the  light 
of  day.  Indeed,  we  have  seen  that  growth  and  develop- 
ment of  plants  arc  promoted  by  light.  We  have,  there- 
fore, both  life  and  growth,  and  I  shall  show  later,  the 
preservation  of  health,  and  even  the  cure  of  disease  in 
some  instances,  as  goals  for  your  efforts. 

What  then  is  the  substance — the  Dcus  ex  machina — 
of  chlorophyll,  and  also  from  my  viewpoint,  of  the  vital 
activities?  What  evidence  has  been  garnered  so  far, 
from  die  laboratory,  imposes  the  statement,  borrowed 
from  Newton,  that  "  it  would  appear  as  if  "  we  were 
dealing  with  a  ferment  common  to  living  things,  and  the 
far-reaching  powers  of  which  arc  only  beginning  to  be 
appreciated.  "  We  find  it  impossible,"  wrote  Herbert 
Spencer  in  his  Synthetic  Philosophy,  "  to  think  of  life  as 
imported  into  the  unit  of  protoplasm  from  without ;  and 
yet  we  find  it  impossible  to  conceive  of  it  emerging  from 
the  eo-oj>eration  of  the  components."  He.  therefore, 
urged  the  need  of  what  he  termed  a  "  dynamic  element 
of  life,"  a  working  substance,  as  it  were,  to  account  for 
die  vital  process  in  the  tissues  proper. 

That  ferments  play  an  active  role  in  the  activities  of 
tissue  cells  and  fluids  has  long  been  held  by  many  in- 
vestigators, but  their  mode  of  action  has  remained  ob- 
scure. Their  typical  reactions  are,  however,  clearly  dis- 
cernible in  all  living  tissues,  vegetal  or  animal.  Certain 
of  them,  known  as  "  oxidases,"  tend,  as  their  name  in- 
dicates, to  promote  oxidation.  These  oxidases  have  been 
divided  into  several  groups,  each  of  which  presents  more 
or  less  specific  properties.  On  the  whole,  however,  they 
all  seem  to  be  able,  as  it  were,  to  handle  the  oxygen  that 
is  present  in  the  surrounding  medium,  the  air  especially, 
and  to  crowd  it  on.  so  to  say.  the  substance  they  affect 
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without  booming  destroyed  themselves,  a  process  known 
as  '•catalysis."  Now,  the  respiratory  and  nutritional 
activities  of  plants  are  deeply  influenced  by  these  oxi- 
dases as  shown  by  various  tests  ;  and  a  substance  pos- 
sessing these  same  or  similar  properties,  exists,  as  shown 
by  a  comprehensive  series  of  physiological  and  chemical 
facts,  in  our  cells  and  hody  fluids.  This  oxidizing  fer- 
ment seems  able  to  carry  on,  if  any  ferment  is  capable  of 
doing  so,  the  functions  that  Herbert  Spencer  attributes 
to  the  "  dynamic  element  of  life." 

Moreover,  the  personal  labors  referred  to  apparently 
showed — I  say  "  apparently  "  because  the  confirmation  of 
such  comprehensive  deductions  requires  not  years  but 
decades  of  labor  by  many  independent  investigators— 
that  the  secretion  of  two  small  organs  located  on  top  of 
the  kidneys  contained  this  dynamic  element;  that  as  a 
constituent  of  this  secretion  it  was  carried  in  the  Wood — 
duly  found  to  contain  it — to  the  heart  and  lungs ;  and 
once  in  the  latter  and  to  the  walls  of  the  air  cells.  Here 
it  becomes  loaded  with  the  oxygen  of  the  air ;  and  finally, 
having  entered  the  red  corpuscles  as  a  constituent  of  their 
known  oxidizing  substance,  hemoglobin,  reaches  all  tissue 
cells,  i.e.,  every  living  cell  of  the  body,  to  sustain  therein, 
as  far  as  oxygen  can  do  it,  all  its  vital  activities. 

As  every  physician  now  knows,  the  power  of  the 
secretion  of  the  adrenals  is  simply  amazing.  A  quan- 
tity of  its  active  principle  hardly  appreciable  to  the  naked 
eye,  one  eight-hundredth  of  a  grain,  will  affect  the  entire 
body.  It  is  capable  of  resuscitating  animals,  when  used 
in  proper  solution,  fifteen  minutes  after  all  signs  of  life 
have  ceased ;  it  has  been  found  to  keep  decapitated  animals 
alive  over  nine  hours.  Indeed,  it  is  commonly  used  in 
practice  to-day  to  keep  sufferers  away  from  the  threshold 
of  death,  when  debilitating  diseases  have  reduced  the 
dynamic  activities  of  the  tissue  cells  to  their  lowest  ebb. 
I  feci  confident  that  when  the  powers  of  the  adrenal 
secretion  will  have  been  duly  appreciated,  they  will  prove 
a  blessing  to  the  world  of  suffering  and  prolong  life  in 
a  proportion  of  cases  now  lost. 

How,  again,  can  all  this  be  of  professional  interest  to 
the  lighting  engineer?  It  is  here  that  the  connection  will 
become  ajjparent. 

As  plants  prepare  for  the  winter's  rest,  they  divest 
themselves  of  their  beautiful  vestments;  the  fall  is  on. 
They  seem,  however,  to  crave  admiration  even  then,  and 
the  changes  of  color  their  leaves  undergo  have  often 
inspired  the  bard.  And  yet,  under  the  unpoctic  analysis 
of  the  laboratory,  the  beautiful  coloring  is  but  a  sign  of 
progressive  decay.  In  view  of  what  I  have  said,  in  fact, 
we  have  proof  of  this  for— and  this  is  the  link  between 
plant  and  animal  life  on  the  one  hand  and  the  influence 
of  light  on  the  other — the  "  dynamic  element  of  life," 
which  I  have  tentatively  identified  as  the  adrenal  prin- 
ciple, looms  up  as  a  feature  of  the  play  of  colors  the 
foliage  undergoes  before  its  fall.  Indeed,  if  in  the 
laboratory  we  watch  a  solution  of  adrenal  extract  undergo 
deterioration  exposed  to  the  air  and  light,  many  of  the 
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shades,  particularly  those  of  the  yellowish-brown  and 
bronze,  imitate  not  only  the  autumn  leaves,  but  also  the 
shades  of  pigmentation  witnessed  on  the  human  skin, 
hair  and  mucous  membranes  known  as  melanins.  In  cer- 
tain diseases,  Addison's  disease  for  example,  the  cutaneous 
bronzing  is  identical  with  that  of  many  autumn  leaves. 
There  is,,  moreover,  good  reason  for  the  belief  that  the 
yellow  skin  of  jaundice  is  due  to  a  pigment  akin  to  that 
observed  in  the  yellow  leaves  in  process  of  deterioration 
and  which  we  may  trace  thru  various  tests  thruout  vir- 
tually the  whole  living  world,  vegetal  and  animal. 

All  these  varigated  hues,  influenced  more  or  less  by 
the  presence  of  elements,  manganese,  iron,  etc.,  common 
to  the  structures  observed,  are  the  embers,  so  to  say,  of 
an  active  process  which  constitutes  their  living  state.  The 
chlorophyll  which  endows  the  living  leaf  with  its  green 
color  is  a  type  of  the  pigment  a  prototype  of  which  is 
the  melanin  of  our  own  tissues.  As  does  the  latter,  it 
embodies  a  ferment,  catalase,  which  in  keeping  with  our 
adrenal  ferment,  acts  as  its  dynamic  agent,  the  initiator 
and  perpetnator  of  the  living  state.  Altho  the  end  to  be 
attained  is  different,  the  chlorophyll  function  differing 
from  the  metabolic  function  of  our  tissues,  the  fact  re- 
mains that  in  both,  the  activating  factor  is  a  ferment— 
the  "  dynamic  element  of  life."  And  just  as  it  is  the 
catalase  ferment  that  light  activates  in  the  chlorophyll 
function,  so  is  what  I  have  termed  "  adrenoxidase,"  the 
adrenal  oxidizing  ferment,  activated  by  light,  that  is  to 
say,  radiant  energy. 

The  catalytic  influence  of  light  in  the  same  connection 
has  long  been  suspected.  It  was  studied  by  Ostwald  and 
Xeuberg  and  also  by  Derthclot  many  years  ago,  but  with- 
out much  result  as  to  living  tissues.  This  is  because  they 
credited  radiant  energy  itself  with  catalytic  properties, 
whereas,  from  my  viewpoint,  these  belong  to  the  oxidiz- 
ing ferment.  Thus,  violet  and  ultra-violet  rays  are  known 
to  activate  the  oxidation  of  methylene  blue;  but  this  is 
because  the  tissue  fluids  of  the  animal  or  vegetable  tested 
contain  an  oxidizing  ferment  or  oxidase. 

On  the  whole,  we  may  summarize  this  newer  con- 
ception submitted  in  respect  to  the  influence  of  light  upon 
tissue  life,  by  the  statement  that  it  activates  the  func- 
tional efficiency  of  the  ferment  which  sustains  life  and, 
therefore,  promotes  the  maintenance  of  health. 

In  doing  this,  however,  it  also  activates  the  defensive 
functions  of  the  body  and  thus  protects  it  against  disease. 

Indeed,  so  true  is  this  that  I  will  now  refer  briefly 
to  the  curative  efficiency  of  solar  energy,  also  thru  the 
intermediary  of  ferment  action. 

The  word  "  ferment "  is  steadily  being  replaced  in 
medical  phraseology  by  the  word  "enzyme"  for  reasons 
which  I  need  not  mention  here.  In  the  words  of  Pro- 
fessor Mendel,  of  Yale,  "  Enzymes  are  no  longer  thought 
of  exclusively  as  agents  of  the  digestive  apparatus ;  they 
enter  everywhere  into  the  manifold  activities  of  cells  in 
almost  every  feature  of  metabolism."  In  other  words, 
the  same  ferments,  pepsin,  trypsin  and  others  which  first 
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prepare  foodstuff  in  the  stomach  and  intestine,  for  assimi- 
lation by  the  tissues  of  the  body  at  large,  are  the  same 
agents  which  carry  on  certain  functions  in  the  intimacy 
of  the  tissues. 

Considerable  evidence  is  available  to  show  that  these 
digestive  ferments  are  carried  from  the  alimentary  canal 
to  the  tissue  cells  by  certain  white  corpuscles  of  the 
blood,  in  which  they  are  readily  found.  To  these  white 
corpuscles  belong  the  phagocytes,  which  ingest  and  digest 
disease  germs.  We  thus  have  digestive  ferments  taking 
part— along,  let  me  add,  with  the  oxidizing  ferment 
previously  referred  to  as  the  "  dynamic  element  of  life  "— 
not  only  in  the  vital  processes  of  each  tissue  cells,  but 
also  the  defense  of  the  body  against  disease. 

There  is  no  doubt  about  this.  Professor  Vaughan,  of 
the  I'niversity  of  Michigan,  for  instance,  states  that  "  the 
cell  which  can  no  longer  suj>ply  a  digestive  ferment  is 
already  dead."  Another  distinguished  biochemist,  Abder- 
haldcn.  writes :  "  Each  separate  cell,  with  very  few  ex- 
ceptions, disposes  of  the  same  or  similar  ferments  as 
those  secreted  by  the  digestive  glands  in  the  intestinal 
canal "  and  refers  to  them  as  "  defensive  ferments." 

We  shall  presently  sec  tliat  it  affords  the  clue  to  the 
manner  in  which  radiant  energy,  that  is  to  say  sunlight 
and  electricity,  not  only  tend  to  preserve  health,  but  to 
contribute  to  its  defence  when  compromised. 

Prevost's  theory  of  mobile  temperature  equilibrium  is 
now  known  to  apply  to  radiant  heat  as  well  as  to  heat 
energy  derived  from  other  sources.  It  is  simply  that  if 
two  bodies  of  different  temperatures  are  placed  close  to 
each  other,  the  warmer  of  the  two  will  lose  heat  by 
emitting  radiant  heat  which  the  colder  body  will  take  up 
until  the  temperature  of  both  is  equalized.  Briefly,  the 
.■■kin  absorbs  radiant  heat  when  the  cutaneous  tempera- 
ture is  lower  than  that  of  the  radiations  received,  up  to 
certain  limits  (influenced  by  the  perspiration  and  other 
factors)  and  the  temperature  of  the  tissues  of,  and  be- 
neath, the  skin  is  thus  raised. 

The  penetration  of  radiant  light  thru  the  tissues  when 
long  wave  lengths  characterize  the  rays  is  considerable, 
that  of  red  rays,  for  instance,  exceeding  one  inch.  Care- 
ful experiments  by  Rollicr  showed  that  solar  rays  could 
penetrate  the  hand  and  forearm,  and  also,  under  favorable 
circumstances,  the  entire  chest. 

How  tloes  light  energy  influence  the  vital  process  of 
those  tissues  and  contribute  to  the  defense  of  the  l>ody 
against  disease? 

Charcot,  the  French  neurologist,  as  far  back  as  1859, 
urged  that  we  should  distinguish  between  the  purely 
chemical  effects  and  those  produced  by  heat.  In  the 
present  connection  we  probably  are  dealing  with  a  process 
in  which  the  chemico-physical  effects  credited  to  oxidizing 
ferment  previously  described  and  heat  both  take  part, 
particularly  near  the  surface. 

There  exists  immediately  under  the  superficial  tissue 
a  great  system  of  small  interwoven  canals  which,  so  to 
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say,  act  as  sewers  of  the  tissue  cells.  They  serve  not 
only  to  carry  off,  but  also  to  purify  the  fluids  received 
from  those  cells  by  breaking  down,  as  far  as  |K>ssible,  the 
wastes  and  detritus  that  they  form  while  carrying  on  die 
process  which  constitutes  their  life.  These  channels  are 
intcrs|>crsed  with  glands  that  contain  phagocytes,  i.e.,  cells 
of  the  tyjic  that  destroy,  by  means  of  their  digestive 
ferments,  disease  germs  and  other  harmful  substances 
that  the  small  canals  earn'  to  them  from  every  direction. 
This  system  of  lymph  channels  and  glands,  known  as 
the  lymphatic  system,  is  a  prominent  weapon  of  defense. 
Everyone  has  seen  lymph,  a  whitish,  viscid  fluid,  collect 
on  abrasions,  and  also  enlarged  glands  on  the  neck  of 
children.  These  latter  are  enlarged  lymphatic  glands  try- 
ing to  destroy  bacteria  from  some  source,  the  tonsils, 
adenoids,  etc.,  thus  preventing  general  infection. 

The  beneficial  influence  of  sunlight  is  readily  accounted 
for  when  we  take  the.  lymphatic  system  into  considera- 
tion in  addition  to  the  tissue  cells,  in  view  of  the  effect 
of  light  energy  as  manifested  by  its  radiated  heat.  In- 
decd,— and  this  is  the  dominating  factor  in  the  process — 
the  ferments  of  both  kinds  previously  referred  to,  those 
which  promote  tissue  oxidation  and  those  that  digest  and 
destroy  bacteria  and  organic  poisons,  become  increasingly 
active  as  the  heat  to  which  they  are  exposed  is  increased, 
and  we  obtain  as  result  an  increase  of  both  vital  activity 
and  defensive  aggressiveness. 

This  increased  efficiency  of  ferments  under  the  influ- 
ence of  increased  temperature  is  the  method  adopted  by 
Nature,  according  to  my  own  viewpoint.  It  explains  the 
process  we  term  "  fever,"  long  deemed  an  enemy,  but  in 
reality  a  defensive  function  calculated  to  destroy  poison- 
ous substances  or  germs  that  have  found  their  way  into 
the  body  fluids  and  cells  from  a  focus  somewhere,  either 
in  the  superficial  or  deep  tissues.  In  the  course  of  fever, 
the  genu  destroyers,  or  phagocytes,  are  not  alone  at  work 
in  the  blood-stream,  but  the  whole  internal  lining  of  the 
blood-vessels  themselves  is  made  up  of  these  germ-de- 
stroying cells.  Again,  the  lymphatic  vessels  which  act  as 
drains  for  the  tissue  cells,  we  have  seen,  afford  additional 
aid  in  the  defensive  process  by  means  of  the  multitudes 
of  pliagocyte-laden  glands  thru  which  the  serum  obtained 
from  the  blood  by  the  tissue  cells  must  pass  before  it  is 
returned  to  the  circulation. 

On  the  whole,  the  relation  of  light  to  health  may  be 
summarized,  in  view  of  the  few  data  submitted,  by  the 
statement  that  it  is  intimately  bound  up  with  the  perpetua- 
tion of  life,  whether  the  tissues  be  normal  or  diseased.  It 
tends  to  sustain  health  by  promoting,  as  radiant  energy, 
the  activity  of  the  oxidizing  ferment  adrenozidase,  which 
sustains  the  oxidation  of  tissue  cells,  an  essential  function 
of  their  life.  It  tends  to  defend  the  cells,  when  en- 
dangered by  certain  germs  and  poisons,  by  enhancing 
thru  the  heat  energy  developed  the  efficiency  of  the 
defensive  ferments  which  submit  these  harmful  agencies 
to  digestive  destruction. 
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The  Motor  Truck  Is  Essential 

THE  continued  manufacture  of  motor  trucks,  to  be  used  in  the 
transportation  of  materials  for  direct  or  indirect  war  work  or 
to  be  used  in  work  of  national  civilian  importance,  has  been  declared 
an  essential. 

While  motor  trucks  are  of  great  importance  in  relieving 
transportation  problems,  their  manufacture  cannot  be  out  of  pro- 
portion to  other  transportation  necessities,  such  as  railroads  and 
steamships.  A  grave  responsibility  has  been  placed  not  only  upon 
the  manufacturer  of  motor  trucks,  but  upon  the  present  owners 
of  such  vehicles.  We  must  all  do  our  part  to  the  limit  of  our 
ability.  The  situation  is  this: 

FIRST,  motor  trucks  arc  to  be  sold  only  for  necessary  work, 
either  directly  for  war  work  or  to  facilitate  the  transportation  of  such 
essentials  as  food,  fuel,  etc.,  or  for  important  construction  work. 

SECOND,  motor  truck  owners  must  see  to  it  that  their  trucks 
are  operated  so  as  to  require  the  minimum  of  spare  parts  and  repair 
work. 

THIRD,  no  truck  must  be  discarded  if  it  can  be  rebuilt  so  as  to 
operate  efficiently. 

FOURTH,  every  truck  in  use  must  be  routed  to  carry  as  many 
tons  a  day  as  is  economically  possible.  Empty  runs  must  be  cut  to 
a  minimum. 

Owners  of  trucks  and  new  purchasers  should  investigate  the 
manufacturers'  standing  and  service  facilities  which  will  make  it 
possible  for  the  owner  to  do  his  proper  share  in  the  responsibility 
of  owning  a  motor  truck. 

As  manufacturers  of  THE  AUTOCAR  MOTOR  TRUCK, 
we  are  going  to  live  up  to  our  full  responsibility  and  duty  as  rec- 
ommended by  the  War  Industries  Board. 


THE  AUTOCAR  COMPANY 

Ardmore,  Pa. 


EttabluM  1897 
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THE  ENGINEER  AND  THE  FUEL 
ADMINISTRATION*  , 

By  E.  L  COLE 

Director  Conservation  Division,  Federal  Fuel  Administration 
for  Pennsylvania 


To  the  Fuel  Administration  the  co-oper- 
ation between  the  engineer  and  the  Ad- 
ministration means  the  savings  in  fuel 
which  the  present  war  requires;  to  the 
engineer,  it  means  not  only  this,  but  also 
a  wider  recognition  of  the  economic 
necessity  of  engineering  advice. 

SOON  after  the  declaration  of  war  by  the  United 
States  against  the  Central  Towers,  we  were  told 
that  "  Food  will  win  the  war  " ;  a  little  later, 
that  Liberty  Bonds  would  win  the  War,  and  at  a 
belated  date,  that  Fuel  would  win  the  War. 

Without  detracting  from  the  value  of  these  slogans, 
the  Federal  Fuel  Administration  for  Pennsylvania  em- 
phasizes that  until  engineers  were  mobilized  and  their 
talents  applied  to  the  problem  of  producing  and  dis- 
tributing food  and  fuel,  the  financing  of  which  is  only 
possible  thru  the  Liberty  Loan  campaigns,  the  actual 
effect  of  these  slogans  was  nil. 

It  is,  of  course,  known  to  all  military  authorities 
that  before  an  army  can  move  forward,  the  heroic 
band  of  men,  trained  in  science  and  known  to  the 
world  as  engineers — civil,  mining,  electrical  and  me- 
chanical— must  go  before  it,  in  the  face  of  the  enemy 
fire.  A  striking  illustration  of  the  work  of  engineers 
was  related  in  the  cable  despatch  of  last  Friday. 

From  the  city  of  Pottsville,  Pa.,  the  United  States 
Army  recruited  a  company  of  engineers  from  the  mining, 
civil,  and  mechanical  circles  of  the  anthracite  region. 
The  percentage  of  casualties  among  the  enlisted  per- 
sonnel of  Pottsville  and  its  surrounding  territory  is 
higher  than  that  in  any  other  circle. 

They  made  possible  the  crossing  of  the  Marne  by 
the  Allied  troops  when  they  pushed  back  the  armies 
of  Germany  and  her  allies,  and  thrilled  each  American 
heart  with  optimism  in  the  great  struggle  to  enthrone 
right  in  the  place  of  might. 

The  Fuel  Administration,  from  its  very  inception, 
recognized  the  urgent  need  and  great  value  of  engineer- 
ing talent  in  the  solution  of  the  grave  fuel  problems 
that  confronted  the  nation.  This  was  so  from  Doctor 
Garfield  all  the  way  down  thru  the  rank  and  file. 
However,  Congress  was  not  able  promptly  to  perceive 
this  value,  and  it  was  only  after  a  serious  delay  that 
a  small  appropriation  was  made  to  finance  engineering 
work. 

To-day  the  Federal  Fuel  Administration  in  Penn- 
sylvania has,  in  the  person  of  Mr.  George  R.  Hendcr- 

•  Luncheon  address  Engineers'  Club  of  Philadelphia,  Tuesday, 
August  6,  1918. 
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son,  Administrative  Engineer,  who  is  one  of  the  fore- 
most consulting  engineers  in  the  United  States,  an 
invaluable  adviser.  He  is  ably  assisted  by  Charles 
D.  Hickman. 

Altho  the  Administration  is  hampered  by  lack  of 
funds,  this  did  not  deter  it  from  endeavoring  to  obtain 
engineering  talent.  There  is  no  man  in  the  Federal 
service  who  so  keenly  realizes  and  has  been  so  ardent 
an  exponent  of  the  value  and  imperative  need  of  engi- 
neers as  Mr.  William  Potter,  the  Federal  Fuel  Ad- 
ministrator for  Pennsylvania.  The  number  of  engi- 
neers who  are  aiding  the  Administration  is  a  keen 
source  of  pleasure  to  him,  and  under  his  direction 
comes  the  task  of  enlisting  the  generous  aid  of  the 
foremost  engineers  in  Pennsylvania  to  act  in  advisory 
capacities  in  the  solution  of  engineering  problems 
allied  with  the  production,  distribution,  and  consump- 
tion of  fuel. 

The  Engineering  Societies  of  Pennsylvania  are  to 
be  congratulated  on  the  keen  sense  of  the  duties  of 
citizenship  held  by  their  members,  who  have  unhesi- 
tatingly come  forward  at  the  solicitation  of  the  State 
Fuel  Administration;  and  their  action  has  been  so 
spontaneous,  their  activities  so  co-ordinated,  that  the 
fuel  authorities  at  Washington  have  pronounced  the 
engineering  personnel  of  the  Pennsylvania  Fuel  Ad- 
ministration the  foremost  in  the  United  States.  With 
the  exception  of  Mr.  Henderson  and  Mr.  Hickman, 
none  of  the  engineers  are  on  a  salary  basis,  but  are 
giving  of  their  time  and  talent  without  stint,  as  a 
contribution  by  the  scientifically  trained  citizenship 
of  Pennsylvania  towards  the  successful  prosecution 
of  this  War. 

The  results  attained  by  the  Fuel  Administration 
thru  the  expert  advice  of  Pennsylvania  engineers  can 
be  indicated  by  the  following  data : 

An  oil  refining  plant  will  save  40,000  tons  of  coal 
annually  by  the  application  of  improved  boiler  and 
engine  practice. 

Three  electric  light  and  railway  companies,  by 
introducing  stokers  and  improved  condensing  appa- 
ratus, will  save  19,000  tons  of  coal  annually. 

One  department  store  is  saving  28,000  tons  an- 
nually thru  improvements  in  its  boiler  plant. 

Three  hotels  are  saving  at  the  rate  of  6600  tons 
aggregate  annually  thru  economies  administrative  engi- 
neers have  effected,  without  detriment  to  service. 

One  educational  and  charitable  institution  estimated 
its  savings  at  2000  tons  annually  by  close  economy  in 
the  generating  of  steam  and  power  and  its  utilization. 

Other  economies  effected  arc  estimated  in  the 
aggregate  at  200,000  tons  annually  on  the  street  rail- 
ways and  the  office  buildings  of  Pennsylvania. 

Other  large  savings  are  in  prospect. 

These  figures  conclusively  show  that  when  a  manu- 
facturer, or  any  other  producer,  buys  coal  it  is  a  sound 
economical  proposition  for  him  also  to  retain  engineers 
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No  one  understands  better 
than  an  engineer  the  value 
of  "  graphics  "  (or  getting 

an  idea  across." 

In  publications,  whether 
books  or  advertising,  tech- 
nical difficulties  sometimes 
crop  up  to  apparently 
prevent  the  complete  and 
satisfactory  illustration  of 
the  thought  to  be  con- 
veyed. 

For  instance,  the  printing 
of  Halftones  on  uncoaled 
papers  —  once  considered 
impossible.  Our  RL'J-'F- 
STOK  Halftones  are  made 
special  for  this  purpose. 

Confer  with  us.  No  obli- 
gation. 


H.  A.  <  .«K1>H.  Tm. 


GATCHEL  <EL  MANNING    I  | 


t  SUPREMACY 

is  a  word  that  is  pretty  loosely 
employed — too  often  constituting 
the  opinion  of  the  user  solely, 
without  reflecting  general  opinion. 

But  if  supremacy  in  furnace 
bridge  wall  construction  implies 
— as  we  think  it  does — an  all- 
around  superiority  in  a  business 
established  over  a  period  of  years 
and  endorsed  by  organizations 
both  large  and  small,  then  the 
supremacy  of  our  company  and 
our  product — the  "Wager  Patent 
Improved  Furnace  Bridge  Wall" 
— are  positively  beyond  quibble 
or  question. 


VHOTO-EftG'RA.XrE'RS 
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to  advise  him  how  to  obtain  the  most  heating  value 
from  the  coal. 

A  fear  has  heen  expressed  by  some  engineers  that 
the  generous  action  of  Pennsylvania  engineers  may 
result  in  large  consumers  of  coal  obtaining  expert 
advice  thru  the  Fuel  Administration  without  cost.  It 
is  well  known  that  many  prominent  manufacturers 
have  hesitated  to  pay  out  money  for  consulting  engi- 
neers on  fuel  problems,  and  the  same  men  are  now 
being  benefited  by  the  Fuel  Administration.  The 
Administration  will  readily  concede  this  point.  What 
matters  it  if  here  and  there  a  selfish  person  actually 
derives  financial  benefit  from  the  patriotic  and  gener- 
ous action  of  the  engineer?  It  is  this  very  action  on 
the  part  of  the  engineers  that  is  dignifying  the  profes- 
sion to  a  larger  degree  than  their  best  friends  antici- 
pated. The  Administration  and  the  engineers,  working 
hand  in  hand,  are  gradually  educating  all  buyers  of  coal 
to  the  economic  necessity  of  engaging  engineering 
talent  to  gtiide  them  on  all  combustion  problems  con- 
nected with  the  generation  of  steam  and  electrical 
power,  and  the  utilization  of  all  kinds  of  power 
in  industry. 

The  day  of  cheap  fuel  has  passed  into  history — it  is 
extremely  doubtful  that  it  will  ever  return.  This  is 
true  whether  the  fuel  be  natural  gas,  crude  oil  and  its 
by-products,  or  anthracite  and  bituminous  coal.  At  the 
close  of  the  war  the  United  States  will  undoubtedly 
be  found  carrying  the  major  portion  of  the  world's 
trans-Atlantic  traffic.  In  no  port  in  the  world  will 
bunkers  be  filled  with  coal  at  a  lower  cost  than  on 
the  shores  of  this  country.  It  is  logical,  therefore,  to 
say  or  to  predict  that  vessels  steaming  from  our  ports 
will  be  bunkered  for  round  trips.  This  alone  will 
require  an  immense  tonnage  of  fuel,  and  will  be  a 


strong  economic  basis  upon  which  the  engineers  will 
be  able  to  build  an  increasing  practice  as  consulting 
experts.  Buyers  of  fuel  will  learn  before  the  war  is 
over  that  war  and  post-war  taxes  may  in  many  cases 
be  paid  out  of  the  savings  effected  thru  the  service 
of  engineers.  In  a  few  isolated  cases  some  of  the 
largest  consumers  of  fuel  in  Pennsylvania  are  already 
paying  their  Federal  taxes  from  savings  effected  in 
the  combustion  of  fuel  and  the  conserving  in  the  use 
of  light  and  power  as  pointed  out  by  the  Adminis- 
tration engineers. 

There  can  be  no  question  that  when  the  war  is 
fought  to  a  successful  conclusion,  and  right  is  securely 
enthroned  in  the  courts  of  Europe  as  it  is  now  in  the 
minds  of  all  free  men,  and  the  Fuel  Administration 
ceases  to  function,  its  members  again  taking  up  the 
pursuits  of  peaceful  times,  the  engineers  of  Pennsyl- 
vania, thru  their  generous  contribution  of  talent  thru 
the  war,  will  have  unconsciously  built  for  themselves 
a  rich  heritage  wherein  their  sphere  of  activities  will 
be  largely  increased  because  hard-headed  business  men 
will  have  larger  vision,  and  every  step  in  industry 
will  be  held  up  until  engineers  have  determined  that  it 
is  economically  sound,  whether  it  be  the  combustion  of 
fuel  or  the  utilization  of  energy. 

The  Federal  Fuel  Administration  for  Pennsylvania 
expresses  its  appreciation  and  deep  sense  of  obligation 
to  the  engineers  for  the  work  that  has  already  been 
accomplished  by  them,  and  confidently  anticipates  that 
when  its  work  is  done,  whatever  economies  may  have 
been  effected  will  be  due  almost  entirely  to  your  hav- 
ing voluntarily  undertaken  the  tasks  at  home  that  are 
parallel  with  the  tasks  that  your  brothers  are  so  well 
doing  on  the  field  of  honor. 


AMERICAN*  INSTITUTE  OF  ELECTRICAL  ENGINEERS 


SEPTEMBER  MEETING 

Date:  Monday,  September  16,  1918. 
Place:  Bellevue-Stratford  Clover  Room. 
Subject:  Electric  Welding — A  new  industry. 
Speaker:  H.  A.  Hornor. 


Soon  after  our  country  entered  the  war,  a  Committee  on 
Electric  Welding  was  appointed  by  the  Institute  to  get  to- 
gether and  supplement  present  knowledge  on  the  art  of  elec- 
tric welding-  This  committee  was  later  merged  with  the 
Emergency  Fleet  Corporation  and  became  a  committee  of  that 
organization. 

Owing  to  the  enormous  advantages  to  the  steel  ship- 
building industry  presented  by  the  art  of  electric  welding, 
this  committee  has  been  carrying  on  a  very  active  campaign 
of  education  and  investigation  and  it  is  the  purpose  of  this 
meeting  to  present  the  entire  subject  in  careful  outline  to  the 
engineering  field  in  the  "  Territory  of  the  Delaware." 


It  is  for  this  reason  that  a  joint  meeting  has  been  ar- 
ranged to  include  the  Engineers'  Club  and  the  Association  of 
Iron  and  Steel  Electrical  Engineers.  As  the  convention  of 
the  latter  organisation  is  to  be  held  in  Baltimore  the  few  days 
preceding  this  meeting,  it  is  expected  that  many  of  the  out-of- 
town  members  wilt  attend  the  Philadelphia  meeting. 

Mr.  Charles  M.  Schwab  will  be  present  at  this  meeting 
and  will  open  the  session.  Mr.  Schwab  will  also  be  present 
at  the  informal  dinner  which  will  be  held  in  the  Stratford 
Room  at  the  Bellevue-Stratford  Hotel  preceding  the  meeting 
and  will  give  an  informal  talk. 

PROGRAM 

6  p.m.— Dinner,  Stratford  Room. 
8  p.m.— Meeting,  Clover  Room. 

E.  B.  Tcrri-E, 

Secretary. 
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SECRETARY'S  NOTICES 

SPECIAL  MEETING  OF  THE  BOARD  OF  DIRECTORS 
OF  THE  ENGINEERS'  CLUB  OF  PHILADELPHIA 

AUCVST  6.  m« 

The  meeting  was  called  to  order  at  5.15  P.M.,  with 
President  Stevens,  Vice  President  Eglin,  Directors 
Connell,  Long,  Spencer,  James,  Lauer,  Quimby,  Doug- 
las, Ncwkirk.  Treasurer  Kenncy  and  Secretary  Stockly 
in  attendance.  Mr.  Wm.  Pool  Parker,  Chairman  of 
the  Committee  on  House,  was  also  present,  on  request. 
Vice  Presidents  Andrews  and  Wagner,  Directors  Liant, 
Swaab,  Murphy,  Parr,  Past  Presidents  Ledoux  and 
Voglcson  were  excused.  Directors  Lee,  Terrell  and 
Past  President  Carter  were  absent. 

REPORT  OF  THE  PRESIDENT 

The  President  announced  that  the  Secretary  had 
obtained  a  five-year  extension  from  the  holders  of  the 
ftrst  mortgage  on  1317  Spruce  Street,  the  interest  to 
be  at  6  per  cent.,  instead  of  5.4  per  cent.,  as  at  present. 

The  President  further  announced  that  the  Secretary 
had  obtained  assurance  from  the  Old  Colony  Building 
and  Loan  Association  of  Philadelphia  of  a  $17,000  loan 
to  the  Club  on  a  building  and  loan  mortgage  placed  on 
the  Club  properties  at  1315  and  1317  Spruce  Street, 
the  conditions  specified  being  those  usual  to  a  building 
and  loan  mortgage,  namely,  in  this  case  that  the  Club 
subscribe  to  85  shares  of  stock,  payable  monthly  at 
$1  per  share,  together  with  interest  on  the  $17,000  loan 
at  $85  per  month ;  and  as  an  additional  guarantee  that 
83  other  shares  in  the  same  series  be  subscribed  to  by 
members  of  the  Club  and  assigned  to  the  Building  and 
Loan  Association  until  the  liquidation  of  the  loan. 

By  this  procedure,  it  would  be  unnecessary  to  raise 
$25,000  in  scrip,  about  $7600  worth  being  sufficient. 

The  Club  being  an  incorporated  organization,  the 
President  announced  that  it  would  be  necessary  for  the 
Club,  in  business  meeting,  to  adopt  the  necessary  reso- 
lutions authorizing  this  loan;  and  the  following  reso- 
lutions, which  had  been  put  in  shape  by  Mr.  Long 
and  approved  by  the  Land  Title  and  Trust  Company, 
thru  whom  the  settlement  would  be  made,  were  ap- 
proved by  the  Board,  with  their  recommendation  that 
they  be  presented  to  the  Club  at  its  business  meeting 
on  August  12th. 

Whereas,  The  Engineers'  Club  of  Philadelphia  is  in- 
debted to  various  creditors  in  the  sum  of  $24,652.58,  being 
balance  due  on  improvements  to  the  Club  house;  and 

Whereas,  the  balance  of  cash  on  hand  in  the  Ruilding 
Fund  is  nut  sufficient  to  meet  these  obligations;  therefore, 
be  it 

Resolved.  That  in  order  to  assist  in  raising  sufficient 
funds  t.i  discharge  the  forcgoiim  obligations,  the  Board  of 
Directors  is  herehy  authorized  and  directed  to  l«>rrow  from 
a  Building  and  Loan  Association  to  be  selected  by  them  a 
sum  not  exceeding  $17,000;  and  be  it  further 

Resolved.  That  for  the  better  securing  of  the  said  sum 
so  borrowed,  the  Board  of  Directors  is  hereby  further 


authorized  and  empowered  to  subscribe  to  and  make  pay- 
ments as  called  for  on  eighty-five  shares  of  stock  of  said 
Building  and  Loan  Association  and  to  execute  and  deliver 
to  such  Building  and  Loan  Association  a  mortgage  upon 
the  property  of  the  Club  upon  such  terms  and  conditions 
as  may  be  required  by  the  said  Building  and  Loan  Asso- 
ciation ;  and  be  it  further 

Resolved,  That  the  Board  of  Directors  be  and  i<  hereby 
given  and  vested  by  the  Gub  with  full  power  and  author- 
ity in  its  name  and  behalf  to  do  and  perform  all  neces- 
sary acts  and  things,  and  to  authorize  the  execution  of  such 
papers  and  instruments  as  may  be  necessary  to  carry  out 
the  provisions  of  this  resolution  and  all  ami  every  matter 
and  thing  they  shall  do  in  said  premises  is  hereby  ratified 
and  confirmed. 


Whereas.  The  Engineers'  Club  of  Philadelphia,  being 
indebted  to  various  creditors  in  the  sum  of  $24,652  $8  on 
account  of  improvements  to  the  Club  house,  and  the  Board 
of  Directors  having  made  provision  for  the  financing  of 
a  portion  of  this  indebtedness  through  a  Building  and 
Loan  Association  mortgage;  therefore,  be  it 

Resolved.  That  for  the  purposes  of  meeting  the  bal- 
ance of  these  obligations  and  for  general  improvements  to 
the  Club  house,  the  Board  of  Directors  be  and  the  same  is 
hereby  authorized  and  directed  to  proceed  to  issue  and 
sell  Scrip  of  the  Club  for  a  sum  not  exceeding  $2.1,000, 
hearing  interest  at  the  rate  of  6  per  cent,  per  annum, 
said  Scrip  to  be  issued  in  denominations  of  $100  or  any 
multiple  thereof  and  dated  as  of  September  1,  1918;  and 
be  it  further 

Resolved,  That  the  Treasurer  of  the  Club  be  author- 
ized to  set  aside  as  a  sinking  fund  for  the  retirement  of 
such  Scrip  the  net  proceeds  derived  from  the  sale  of  fu- 
ture IJfe  Memberships,  and  also  any  other  funds  of  the 
Qub  that  the  Board  of  Directors  may  from  time  to  time 
authorize  to  be  placed  in  said  sinking  fund;  and  be  it 
further 

Resolved,  That  the  Scrip  issued  in  accordance  with 
this  resolution  be  retired  at  the  convenience  of  the  Club 
out  of  the  proceeds  of  said  sinking  fund  to  be  established 
from  sale  of  Life  Memberships,  Scrip  to  be  retired  to  be 
drawn  by  lot  on  interest-bearing  dates,  and  the  holders 
thereof  notified  and  all  interest  to  cease  upon  such  Scrip 
when  drawn  for  retirement 

REPORT  OP  THE  COMMITTEE  ON  MEMBERSHIP 

On  the  recommendations  of  the  Committee,  the 
Board  transferred  Mr.  Samuel  L.  Schwartz  from 
Junior  to  Active  membership,  under  the  provisions  of 
Article  I,  Section  4  of  the  By-Laws :  and  elected  the 
following  applicants: 

To  A  (live  Membership 
James  G.  Calebaugh 
Thomas  W.  Clarke 
John  J.  A.  Devine 
James  P.  Harbcson,  Jr. 
Witold  Lesnicwski 


Ralph  1.  Lovell 
Robert  J.  Lyons 
Linn  O.  Morrow 
Charles  W.  Parkhurst 
Edward  P.  Uol»crts 


David  T.  Williams 
To  Junior  Membership 
Edward  M.  Murphy 

The  meeting  adjourned  at  6.15  p.m. 

H.  A.  Stockly, 
Secretary. 
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The  Baldwin  Locomotive  Works 


PHILADELPHIA,  PA. 
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STEAM  LOCOMOTIVES 

for  all  classes  of  service 

GASOLINE  LOCOMOTIVES 

(or  light  industrial,  contractors'  and  switching  service 
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THE  De  FRAIN 
SAND  COMPANY 

Building 
Materials 

BEACH  AND  BERKS  STS.,  PHILADELPHIA 

WHARVES: 
BERKS  STREET,  DELAWARE  RIVER 

CHRISTIAN  STREET,  SCHUYLKILL  RIVER 

PRODUCERS  OF  STONE,  GRAVEL  AND  SAND 
FOR  CONCRETE  CONSTRUCTION 

DELIVERIES  BY  TEAM,  RAIL  AND  BARGE 
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I  VULCANITE 
I  PORTLAND 
[CEMENT 
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THE  BRAND  WITH 
A  REPUTATION 

Land  Title  Building 
Philadelphia 
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COMMITTEE  ON  MEMBERSHIP 

PALL  SPENCER,  Chairman 


CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  September  9  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club,  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

SYDHEY  BUCKLEY 

Meadow  and  Mifflin  Sts.   fcare  of  Niles-Bemcnt-Pond  Co.). 
Philadelphia. 

Chief  Engineer.  Crane  Dept..  Niles-Bement-Pond  Co. 
Proposed  by  Victor  O.  Strobel  and  Win.  C.  L.  Eglin. 

LEWIS  0.  CILLETT 

6141  Nassau  St..  Philadelphia. 
Assistant  Engineer,  V.  S.  Shipping  Board,  Emergency  Fleet 

Corporation. 
Proposed  by  E.  F.  Cobb  and  H.  T.  McGaughan. 


CHARLES  D.  HICKMAN 

2416  Bryn  Mawr  Ave.,  West  Philadelphia. 

Assistant  Administrative  Engineer,  Federal  Fuel  Adminis- 
tration for  Pennsylvania. 
Proposed  by  J.  F.  Stevens  and  H.  F.  Sanville. 

RAY  L.  SOMERS 

Upper  Montclair,  N.  J. 

Resident  Inspector.  U.  S.  Shipping  Board,  Emergency  Fleet 

Corporation. 
Proposed  by  E.  F.  Cobb  and  H.  T.  McGaughan. 


FOR  ELECTION  TO  JUNIOR  MEMBERSHIP 

T.  J.  BARLEY 

4211  Otter  St.,  Philadelphia. 

Salesman,  Concrete  Sleel  Co. 

Proposed  by  W.  L.  Whitman,  2nd,  and  G.  E.  Dale. 


POSITIONS  OPEN 


Wanted. — Young  sale*  engineer,  with  experience  in  power 
plant  equipment.  Technical  graduate  preferred.  Excellent 
prospects. 

Apply  223-A,  Engineers'  Club. 

Wanted. — Mechanical  draftsman,  experienced  in  plant 
engineering,  building  construction  and  water  power  plant  de- 
velopment: must  be  familiar  with  use  of  surveying  instruments. 

Apply  228-A,  Engineers'  Club. 

Wanted. — Mechanical  draftsman  wanted  for  manufactur- 
ing ignition  systems.  Desirable  but  not  necessary  that  appli- 
cant have  some  knowledge  of  electricity.  Must  be  good 
draftsman,  capable  of  some  designing. 

Apply  229-A,  Engineers'  Club 

ENGINEERS'  CLUB 


Wanted — A  first-class  electrical  engineer  for  work  on 
a  barge- 
Apply  234-A,  Engineers'  Club. 

Wanted. — Structural  and  architectural  draftsmen. 
Apply  2J5-A.  Engineers'  Club. 

Wanted. — Graduate  engineer  about  30  years  of  age  for 
estimating  on  steel  welded  tanks.  Must  have  knowledge  of 
electricity,  steam  and  hydraulics.  Salary  commensurate  with 
ability. 

Apply  236-A,  Engineers'  Club. 
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Both  provide  evidence  that  shows  whether 
conditions  in  the  boiler  room  are  wasteful 
or  economical. 

The  quantity  of  feed  water  used,  steadiness  of 
feed  and  fluctuations  in  temperature  are  all 
graphically  shown  by  a 

Yarway  V-Notch  Liquid  Meter 

with  Lea  Recorder 

By  filing  charts  in  the  book  provided,  a 
permanent  record  is  always  available. 

The  engineer  has  indisputable  evidence  of  his 
ability  to  generate  power  at  minimum  cost. 

The  owner  knows  that,  if  firing  methods  are 
faultv,  coal  of  unsuitable  quality,  or  boilers 
neglected  or  abused,  a  YARWAY  METER  will 
warn  him  before  the  loss  assumes  large  pro- 
portions. 

Write  for  "Log  Book  of  the  Power  Plant." 
No  obligation. 

YARNALL-WARING  CO. 

7634-40  Queen  Street 
Chestnut  Hill  Philadelphia,  Pa. 

Learn  the  good  points  of  other  Yarway  products. 

YARWAY   V- Notch  Meter  with  Lea  Recorder,  measure!  and 
record*  feed  water  and  condensate  continuously  and  accurately. 
YARWAY    (formerly   Simple*)   Pipe- Joint  Clamp,  a  airnptc 
efficient  appliance  that  will  atop  a  bad  pipe  joint  leak  instantly. 
YARWAY    Boiler  skimmer  automatically  apd  continuously  re- 
moves suspended  matter,  thus  largely  preventing  scale  formation. 
YARWAY  Hydraulic  Valve  (Catkey  Patents)  is  pressure  packed. 
The  higher  the  pressure,  the  tighter  the  valve  holds, 
YARWAY  Adjustable  Spray  Head  <C.  C.Thomas  Patents)  for 
cooling  circulating  water.  Can  be  set  to  secure  maximum  cooling 
range  under  any  conditions  of  temperature  or  humidity. 
YARWAY  Starti  ng  and  Pressure  Unload  er  (Richards  Patents) 
save*  power  by  allowing  motor  to  attain  full  speed  before  com* 
pressing  the  air. 
Write  for  particulars. 


'NELSON 

STEEL  VALVES 


First  of  Alia 
Non-Return 
Valve 
Must  Be 
Thoroughly 
Dependable 

IT  MUST  BE  SAFE.  It 

must  be  certain  in  action. 
It  must  dose  automatic- 
ally, instantly  and  tightly 
when  the  need  arises. 

The  NELSON  Steel 
Non-Return  and  Stop 
Valve  shown  hen:  can  be  relied  upon  absolutely. 

PISTON  AND  DISC  arc  cast  in  one  piece  of  solid  monel 
or  bronze,  according  to  specification.  This  eliminates  danger 
of  parts  shaking  loose  and  getting  out  of  alignment.  On  the 
downward  stroke  the  piston  clears  the  edge  of  dash  pot,  pre- 
venting uneven  wear  or  shoulder  formation  to  interfere  with 
free  movement. 

MALE  AND  FEMALE  BONNET  BANGES,  and  dash 
pot  integral  with  bonnet,  insure  perfect  alignment  and  true 
seating  disc. 

There  is  full  area  through  ports  and  passages  with  Smooth 
curves  to  cut  down  pressure  losses. 

THE  YOKE  AND  BONNET  construction  is  extra  heavy 
and  bonnet  flanges  have  through  bolts,  giving  great  strength 
and  a  high  safety  factor  at  a  vital  point. 

DISC  is  regrinding  and  renewable. 

SEAT  RING  (monel  or  bronze)  is  screwed  in  heavy  steel 
bridge  with  disc  guide  strongly  braced  by  spider  arms. ' 

STEM  is  of  rolled  monel  or  manganese  bronze  of  liberal 
diameter  with  milled  special  Acme  threads  for  maximum 
strength,  long  wear  and  case  of  operation. 

PACKING  can  be  easily  renewed  with  valve  in  service. 
End  flanges  are  extra  heavy,  with  1-16  in.  raised  face, 
machined  edges  and  machined  bolt  bearings  on  backs. 

CASTINGS  arc  thoroughly  annealed  and  are  especially 
adapted  for  pressure  work.  Metal  is  distributed  to  best  ad- 
vantage for  uniform  strength,  elimination  of  shrinkage  strain*, 
spongincss  and  gas  or  sand  holes.  Large  headers  insure 
dense,  tough  castings. 

INSPECTION  and  test  are  thorough.  Each  finished  valve 
must  pass  test  of  800  lb.  hydraulic  pressure. 

Write  us  for  information  about  important  plants  where 
NELSON  Steel  Valves  are  in  service. 

Nelson  Valve  Company 

7634-40  Queen  Street 
Chestnut  Hill  Philadelphia 
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COMMITTEE  ON  NATIONAL  SERVICE 

GUIIXIAEM  AERTSEN,  Chairman 

'From  these  honored  dead  ut  lake  increased  devotion  to  thai  emu*  for  which  they  gome  the  lost 
full  measure  of  devotion;  these  dead  shall  not  hove  died  m  wmi.. "—Abraham  Lincoln. 


Gabber,  Edwabd  Williams.  Sergeant   Junior  Member  Died  March  17,  1918,  Camp  Meade,  Admiral,  Md. 

Prince,  Harry  Walter,  1st  Lieutenant  Junior  Member  Died  June  11  ,[1918,  England 


MEMBERS  OF  ENGINEERS'  CLUB  WHO  HAVE  BEEN  CALLED  INTO  SERVICE 
IN  THE  ARMY  OR  NAVY  OF  THE  UNITED  STATES  AS  OF  AUGUST  «6,  1918 

NAME  BANC  CORPS  LOCATION 

Aldrich,  J.  T  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Allen,  H.  Butler  Lieutenant  U.  S.  Ordnance  Department  American  Expeditionary  Porces,  via  New  York 

Allen,  J.  G  Co.  12  Infantry,  Reserve  Officers'  Training  Camp   Port  Oglethorpe.  Ga. 

Anders,  D.  W  Major  Company  D,  502nd  Engineers  American  Expeditionary  Porces,  Prance 

.  i  ti  m  w  ■   D  r*  /  Comnvlg.  Officer.  Raritan  River  Ordnance 

Andrews.  J.  H.  M  Major  Ordnance  R.  C  (  ■  D^JOt  Metuchen<  N.  j 

AsfLUNDTH,  E.  T.   Captain  103rd  Engineers   American  Expeditionary  Porces,  via  New  York 

Attbrbury,  W.  W.  ...  Brigadier-General  Director-General  o(  Railways   Prance 

Austermlml,  Edward. ..Utilities  Officer  War  Department   203  South  4th  Street,  Philadelphia 

Baibd.  Hobart  B  Captain   307th  Engineers   American  Expeditionary  Forces 

Hakek,  W.  D  ..2nd  Lieutenant  Aviation  Corps  Prance 

.  S  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington.  D.  C. 

H-  P {  Ma^iJst^TLtoo^y Cambridge.  Mass. 


Barnes.  P.  B  \Engu1eerJ j  ^^^^rttnenf^^1  J American  Expeditionary  Forces,  via  New  York 


r,  F.  H.,  Jr  Officers'  Training  School  Camp  Meade,  Md. 

Baumas,  C.  W  Lieutenant  Co.  "E"  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Bear,  H.  K  Lieutenant  Gas  Defense  Service  Camp  Greenleaf,  Ft.  Oglethorpe.  Ga. 

Beatty,  L.  B  Ensign  U.  S.  Naval  Reserve  Force  70S  Parker  Ave.,  Collingdate,  Pa. 

Bell,  Frane  F  1st  Lieutenant  Signal  Corps,  Aviation  Section  Gerstner  Field,  Lake  Charles,  Louisiana 

Bbschereb.  P  2nd  Lieutenant  319th  Heavy  Artillery    Camp  Gordon,  Ga. 

Bbtus,  A.  J  Major  -  A.  P.  O.  720,  American  Expeditionary  Porces,  via  New  York 

Bikstbr.  W.  H.,  J«  Corporal  "Co.  E."  103rd  Engineers  American  Expeditionary  Porces,  via  New  York 

A.  B  Lieutenant  Dept.  Military  Aeronautics  Camp  Jackson,  Columbia,  S.  C. 

H.  C  Colonel  . .  In  Charge  of  Construction  of  Railroads,  Wharves,  etc  Amer.  Exped.  Forces,  via  New  York 

4.J.M  2nd  Lieutenant  Ordnance  Reserve  Corps  Hudson  Motor  Car  Co.,  Detroit,  Mich. 

W.  Y  31Sth  Infantry  Camp  Meade,  Admi 

Bow.  F.  F  {Engu^rOffiU U"  S'  Naval  Reserve  Force  Submarine  Base,  NewLondon.< 

Boyd.  G  1st  Sergeant  -  Gas  Service. .A.  P.  O.  717,  American  Expeditionary  Porces,  via  New  York 

Bradford,  J.  S.   Major   103rd  Engineers  American  Expeditionary  Porces,  via  New  York 


f  Hqrs.  Base  Station  Np.  3,  Line  of  Communication . 


Bbadt,  Morris  1st  Lieutenant  Ordnance  Officers'  Reserve  Cor}*  ,      A.  E.  P.,  Goring  Hotel,  Grosvenor  Gardens 

I  London,  S.  W.  1 

Bransons,  E.  D  ..Ensign  Naval  Air  Sen-ice  Naval  Station,  Pensacola,  Fla 

Bibaii,  C.  C.  Corporal  103rd  Engineers  American  Expeditionary  Porces,  via  New  York 

Br  ben,  J.  W  Captain  Engineers  U.  S.  R  A.  P.  O.702,  Amer.  Exped.  Porces.  via  New  York 

Brewer.  P.C.,  J«  2nd  Lieutenant  307th  Engineers  American  Expeditionary  Forces,  via  New  York 

Beikton,  J.  W  Lieutenant  Quartermaster  Officers'  Reserve  Depot  Quartermaster.  Baltimore.  Md. 

Britten,  D.  L.  Captain  Ordnance  Officers'  Reserve  Corps.. Inspector  of  Ordnance.  Haddon  Apts..  Cleveland,  O. 

Broadreao,  Alex  19th  Reserve  Engineers.  American  Expeditionary  Forces,  via  New  York 

Bkocan.  C.  M  {uulity^S£„"Ban^  "B"} Camp  Meade,  Admiral.  Md. 

w,  J.  A.   Major   Ordnance  Officers'  Reserve  Corps  Smithtown,  L.  I..  New  York 

N-  F Maior Railway  Engineers  {cafe  BrigadTeriieneral'  W^W^tt^rbury 

*.  P.  D  19th  Reserve  Engineers   American  Expeditionary  Forces,  via  New  York 

Brown.  R.  V  Lieutenant  Q.  M.  C..N.  A.,  Advanced  Section  S.  O.  S.  American  Expeditionary  Forces,  France 

Brown,  W.  P  1st  Lieutenant  5 20th  Co.,  N.  A.  Port  Myer.  Va. 

Brown,  W.  L   Lieutenant  Winchester  Repeating  Arms  Co.   New  Haven,  Conn. 

Bryant,  CM   Naval  Coast  Defense   Philadelphia  Navy  Yard 

Boiler,  B.  N  1st  Lieutenant   103rd  Engineers  American  Expeditionary  Forces,  via  New  York 
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Safety  First  and  Always 

m 


D.  J. 


NORMOYLE 

Representing 

Alert  Tool  Company 


Machinists  Tools 


Ordnance  Work 


Chesapeake  Iron  Works 

Electric  Traveling  Cranes 


237  North  Sixth  Street 
Philadelphia,  Pa. 
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Safety  Glasses  for  Every 
Industrial  Purpose 

Care  should  be  exercised  in  select- 
ing the  proper  Eye  Protector  for 
each  particular  kind  of  work. 

Safety  Glasses  increase  the  efficiency, 
safety  and  welfare  of  the  workmen. 

LET  US  HELP  YOU— 
Write  for  information  and  prices  on  our  line. 

McINTIRE,  MAGEE  &  BROWN  CO. 

723  Sansom  Street,  Philadelphia,  Pa. 


mm 
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PATENTS 


Procured  for  Inventions  and  Designs.  Trade- 
marks Registered,  Patent  Causes,  Examinations, 
Searches,  etc.  Call  or  send  for  Book  of  Instructions 

WIEDERSHEIM  &  FAIRBANKS 

John  A.  WiHnihnm  H.  Hijw.rd  Fiirbukl 

DeLong  Building,  1232  Chestnut  Street 
Philadelphia 

Branch  Offle*:  Wuhinfton.  D.  C. 
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PREPARE 


STEEL 


= 


TO 

SERVE  YOUR  COUNTRY 

IN  THE 

AIRCRAFT  INDUSTRY 

THE 

Y.  M.  G  A.  SCHOOL 

OF 

AIRPLANE 
CONSTRUCTION 

TRAINS  MECHANICS  FOR 
FACTORY  OR  FIELD 


STRIP— COLD  ROLLED— SHEETS 

COLD  DRAWN  BARS       TOOL  STEELS 
Chrome      Vanadium      Drill  Rods 

HOGAN  (Si  vVON 

"  Head  quarters  for  Steel" 

OFFICE  AND  WAREHOUSE: 

237  North  Sixth  Street,  Philadelphia,  Pa. 


Market  499 


FOR  PARTICULARS,  APPLY 
AT 

SCHOOL,  717  NORTH  BROAD  ST. 
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FOR  THE  ENGINEER  WHO 
APPRECIATES  QUALITY 

"STERLING  TRANSITS 
AND  LEVELS 

haw  1m*<<0  developed  by  us  t  far  ouch  a  care- 
ful study,  both  Jo  Factory  aad  Field,  oi 
th«  requirrnwnte  o(  the  up-to-date 
Knginr-rr 

Knd4»r«e<d  by  Philadelphia's  leading  tnp- 
neers,  the  many  eirluaivo  tiene-saWni" 
features  of  this  highly  Biweialiirxi  Pbila* 
dHpliU-m*d<-  product  arc  worth  ioreati' 
(nunc. 

Write  for  New  Itlaatrattd  pamphlet. 

WARREN-KNIGHT  CO. 

MAKERS 

136  N.  12th  Si.  Phi Ud «■  lP hi* 
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Caccavajo,  Jos  Major  Engineer  Officers'  Reserve  Corps  France 

Cahill.  E.  H  1st  Lieutenant  Ordnance  Reserve  Corp*  301  Sherman  Apart*.,  15th  and  L  St*.,  Washington,  IX  C. 

CAMPBELL,  C.  C  i  Motor  Co  13  \  Camp  Grcenleaf,  Ga. 

(  Section  "B"  J 

Carney,  R.  E   {  f^j  gg^J- }   Pear!  Harbor  Naval  Station  Hawaii 

Carson,  Walter  Meteorological  Department  A.  &  M.  College,  College  Station,  Texas 

Chance.  T.  M  Major  Dcp't  of  Chemical  Warfare  Service,  N.  A  Washington.  D.C. 

Chilos,  H.  P  ....1st  Lieutenant..  23rd  Engineers  .  American  Expeditionary  Forces,  Franco 

Clark,  J.  W  Russian  Railway  Service  Nagasaki,  Japan 

Clubland,  R  Cadet  Engineer  S.  S.  Neuse  Care  U.  S.  Shipping  Board 

Co  loan,  R.  J  Captain  11th  Regiment  Engineers  Care  of  Adjutant-Gcn'l,  Washington,  D.  C. 

Craig  Coulter                 Captain  /  Ordnance  Officers' Reserve  Corps  1  I  Office.  Chief  of  Ordnance 

^    '  '  '~"«J>-'«  v^njutui  ^  Supply  Division  I I     Washington,  D.  C. 

»,  G.  S  Major   Director  of  Field  Hospitals,  28th  Div.  .-American  Expeditionary  Forces,  via  New  York 

«.  E.  C  .1st  Sergeant  Base  Hospital  No.  38  Second  Regiment,  N.  G.  P.,  Armory.  Philadelphia 

.  C.  A  Captain  Quartermaster  Officers'  Reserve   Ft.  Sam  Houston,  Texas 

<*»"•■  H.  H  1st  Lieutenant  Q.  M.  C,  U.  S.  ----{?lS£^,lCTJrkg^ 

Custer,  E.  A  Major  Ordnance  Officers'  Reserve  Corps  Chamber  of  Commerce  Bldg..  Pittsburgh,  Pa. 

Cutler,  Jambs  B  2nd  Lieutenant  319th  F.  A.  R.  C  Camp  Gordon,  Ga. 

Darlington,  I.  G  1st  Lieutenant  Gun  Section.  Production  Division  Washington.  D.  C. 

Da  vies,  C.  E  Lieutenant  Ordnance  Department,  U.  S.  A  Frankford  Arsenal.  Philadelphia 

Day,  R.  F  2nd  Lieutenant  Aviation  Corps  3rd  Squadron,  Ellington  Flying  Field,  Houston,  Texas 

Dban,  W.  C  Private  9th  Co..  1st  Engineers  Ret.  Bn.,  Camp,  Forrest,  Ga. 

Decbant,  F.  H  Ensign  U.  S.  Naval  Reserve  Force  Bureau  of  Yards  and  Docks,  Quantico,  Virginia 

Dbruy.  C.  F.  Captain  Ordnance  Officers'  Reserve  Corps   Camp  Lee.  Petersburg.  Va. 

Dill,  CM  Lieutenant  Headquarters  Co..  10th  Ba..  F.  A.  R.  D  Camp  Jackson,  S.  C. 

Donnelly,  J.  B  Captain  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Doylb,  T.  H  2nd  Lieutenant  U.S.  Quartermaster's  Corps  Overseas  Service 

Dunlap,  V.  R  Lieutenant  (Jr.)  Ass't  Civil  Engineer,  U.  S.  N  Naval  Air  Station,  Pensacola,  Fla. 

Dunn,  M.L  Ensign  U.  S.  N.  Anti-Submarine  Squadron  New  London,  Conn. 

•Dyson,  C.  W  Rear  Admiral  Bureau  of  Steam  Engineering,  U.  S.  N.   Washington,  D.  C. 

Eckhardt,  J  Corporal  10th  Regiment,  3rd  Training  Battalion  Camp  Meade,  Md. 

Eisexbkey,  R.  H  Captain  Ordnance  Reserve  Corps  B- 1-309  Ordnance  Buildings,  Washington.  D.  C. 

Blcock,  Cmas  Captain  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Essick,  P.  J..  Jr  Central  O.  T.  S.  Provisional  Co.  12  Camp  Pike,  Arkansas 

Parr.  Roy  S.  2nd  Lieutenant  Engineers'  Reserve  Corps  A.  P.  O.  713,  American  Exp'y  Forces,  via  New  York 

Farrell,  J.  E.,  Jr  2nd  Lieutenant  Co.  1  B.  4th  Regiment  Engineers  -  Camp  Lcc.  Va. 

Faust,  W.  D  103rd  Engineers   American  Expeditionary  Forces,  via  New  York 

Fenton.  Powell  1st  Lieutenant   Aviation  Corps  --   American  Expeditionary  Forces,  via  New  York 

Fbrrbe,  D.  S  2nd  Lieutenant  Aviation  Section.  Signal  Corps  . .-  Ellington  Field,  Houston.  Texas 

Filbert,  C.  B   Captain  41st  Engineers  American  Expeditionary  Forces,  France 

Pish,  W.  N  1st  Lieutenant  Ordnance  Reserve  Corps   Fort  Sheridan,  111. 

Floyd,  H.  B  Private  Co.  "C,"  3  Anti-Aircraft  Machine  Gun  Battalion  Camp  Wadsworth,  Spartansburg,  S.  C. 

Forstbk,  A.  O  Captain  -Army  Supply  Base  59th  St.  and  1st  Ave.,  So.  Brooklyn,  N.  Y. 

Frank.  A  Corporal  Co.  "B,"  2nd  Engineer  Training  Regiment  Camp  Humphreys,  Va. 

Polwbilbr,  J.  E.  Lieutenant—  Naval  Coast  Defense  American  Expeditionary  Forces,  via  New  York 

Gaiung,  H.  W.,  Jr  Private  Marine  Corps '(Aviation)      Philadelphia  Navy  Yard 

Gallagher,  L.  B  2nd  Lieutenant  Railway  Trans.  Dept.,  U.  S.  A  P.  O.  717.  American  Expeditionary  Forces,  France 

Galloway,  J  vme*  W  Private   Co.  B.,  103rd  Engineers   American  Expeditionary  Forces,  via  New  York 

Gam,  H.  P  Captain  Ordnance  Reserve  Corps  _   308  "A"  St.,  N.  E.,  Washington,  D.  C. 

Gardiner,  F.  M  Lieutenant  U.  S.  Naval  Reserve  Corps  Naval  Training  Base,  Cape  May.  N.  J. 

Gabforth,  Ezra   2nd  Lieutenant  23rd  Regiment.  Highway  Engineers      American  Expeditionary  Forces,  via  New  York 

Gaum,  CarlG  1st  Lieutenant  23rd  Regiment,  Highway  Engineers  ...American  Expeditionary  Porces.  via  New  York 

Gauthibb,  Jordan  2nd  Lieutenant  4th  Platoon.  Co.  "C,"  56th  Engineers.. i*0™  of  thc  p^^ia  N^York1^'1'0"*^ 

Gbst,  J.  B..  2nd  2nd  Lieutenant  Engineer  Officers'  Reserve  Corps  ...American  Expeditionary  Porces.  via  New  York 

Getz.  Ralph  F   2nd  Lieutenant    32nd  Engineers      Camp  Grant,  III. 

Giluert,  W.  T  21st  Railway  Engineers  American  Expeditionary  Forces,  via  New  York 

GtLLAM,  W.  H-,  Jb  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Goldsmith,  H.  F  Naval  Aviation  Training  School  Cambridge.  Mass. 

Goodwin.  H..  Jr  Lieutenant   U.  S.  Naval  Reserve  Force  £ 

Gracby,  A.  L  Private  Ordnance  Detachment  A. P.O.  717,  American  Exp'y  Forces,  via  New  York 

Graham,  W.  R  1st  Lieutenant  {signal'wncers^Reserve} Aviation  Mob.  Camp.  Camp  Sevier.  Greenville 

Gbavell.  W.  H  Captain  Engineer  Officers'  Reserve  Corps  American  Expeditionary  Porces.  via  New  York 

Gray,  B.  D   Major  Signal  Corps.  U.  S.  A  Adams  Bldg..  Washington,  D.  C. 

Grelis,  John  J    -Officers  Material  School   University  of  Pennsylvania.  Philadelphia 
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patriotism  demands  that  every  ounce 
of  tin  be  saved  to  help  win  the  war. 

Genuine  and  other  high-tin-content  babbitts  arc 
not  necessary  except  where  severe  shocks  or  ab- 
normal pressure  must  be  taken  care  of. 

Ajax  Bull  Babbitt  not  only  saves  tin,  but 
costs  far  less  than  genuine  and  similar  babbitts 
and  actually  gives  belter  service. 

Even'  pound  of  tin  saved  will  help. 

Try  Ajax  Bull  Babbitt  under  our 

guarantee. 

Physically  and  chemically  the  scientifically 
Correct  Babbitt. 


The  Ajax  Metal  Co. 

EiubUnJ  1880 
Main  O&Sce  and  Woe  ki : 
Philadelphia,  P.. 


E.  J.  ROOKSBY  J.  C.  HAYDOCK 

E.  J.  Rooksby  &  Co. 

ENGINEERS  AND  MACHINISTS 
435  N.  11th  5tr..t.  PhihaaaahU.  P.. 

Specialists  in  Engine  Repairs 


Snowing  T»o  ol  our  Portable  Bonne  Dan  Honoring  Ibe  Ou'ader  and  Valte 
Seata  ol  a  Coriira  Kngioe  at  tame  time. 

Real  Service,  Reliable,  Efficient  and  Economical,  baj  caused 
our  many  patrooa  to  think  "ROOKSBY"  when  they  need 
"Engine  Rcpaira."  Call  on  ui  when  you  need  our  claai  of 
aervice,  either  emergency  or  routine,  and  you  will  alio  think 
"Rookaby."   We  await  your  call. 


THE  PHOENIX 
IRON  COMPANY 

STRUCTURAL 
STEEL  SHAPES 

Manufacturers  of 
Open  Hearth  Steel 

Works: 

PHOENIXVILLE,  PA. 

Main  Office: 
PHILADELPHIA,  PA. 

THE 

PHOENIX  BRIDGE 
COMPANY 

BUILDINGS,  BRIDGES 
and  other  STRUCTURES 

PHOENIXVILLE,  PA. 
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Gbibbbl,  W.  G  Captain  30th  Engineers,  Gas  &  Flame  Division... American  Expeditionary  Forces .  via  New  York 

•Griffin.  R.  S  Rear  Admiral  .  Eng.  in  Chief,  U.  S.  N.  Bur.  of  Steam  Engineering  Washington,  D.  C. 

Grossman,  P.  R  Private  G.  H.  Q.  Amer.  Expeditionary  Forces  U.  S.  M.  P.  O.  No.  706.  Prance 

Gwilliam,  Mark  R.  M.  Captain  21st  U.  S.  Infantry  San  Diego, Calif. 

Haul,  W.  A  Lieutenant  U.  S.  Navy.  In  European  Waters  Base  17,  Care  of  Postmaster,  N.  Y.  C. 

Hamilton,  H.  A  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  

Hamilton.  K.  D  Captain  Ordnance  Reserve  Corps....  Care  of  T.  A.  Gillespie  Loading  Co..  So.Amboy,  N.J. 

Harding,  R.  L  1st  Lieutenant  Co.  "F,"  32nd  Engineers  Camp  Grant,  Rockford,  Illinois 

Habbowsb,  R.  A  American  Red  Cross  Ambulance  Corps    France 

Hart,  R.  P.,  2nd  Lieutenant  44th  Engineers   Ft.  Benjamin  Harrison,  Ind. 

Hathaway.  H.  K  Lieut.-Colonel  Ordnance  N.  A  Washington.  D.  C. 

Havens,  C  R  Meteorological  Squadron,  U.  S.  Signal  Corps  A.  &  M.  College,  College  Station,  Texas 

Hayden*,  H.  S._   2nd  Lieutenant..  103rd  Engineers   American  Expeditionary  Forces,  via  New  York 

Haydoce,  Roger  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  Washington  Barracks,  D.  C. 

Hrgbr,  J  Lieutenant  Engineers'  Depot  Washington,  D.  C. 

Heixkich,  K.  W  Lieutenant,  N.  N.  V  ...U.  S.  S.  Iowa   Care  of  Postmaster,  Fortress  Monroe,  Va. 

Henderson,  S.  D  Private  _  304th  Engineers  Camp  Meade,  Admiral,  Md. 

Hrnrt,  J.  C  Sergeant  Headquarters  Dep't  19th  Reserve  Engineers—A.  P.O.  708  Amer.  Exp.  Forces,  via  New  York 

Hetbbrington.  S.  C  Lieutenant  315th  Infantry  Camp  Meade.  Admiral,  Md. 

Hicbby.  Y  Second  Lieutenant  Hqrs.  1st  Bn.,  61st  Infantry  A.  P.  0. 728.  American  Exp  y  Forces,  via  New  York 

HiNTON,  J.  C  1st  Lieutenant  Engineers'  Corps  

Hollenback,  E.  E   Major   109th  Infantry  American  Expeditionary  Forces,  via  New  York 

Holustbr,  C.  J  1st  Lieutenant  Dental  Corps,  28th  Division  American  Expeditionary  Forces,  via  New  York 

Houwen,  W.  P  CM.  A.  United  States  Navy  Public  Works  Department  Cape  May.  N.  J. 

Hulms,  Norman  1st  Lieutenant   458th  Truck  Co  Fort  Myer,  Va. 

Hunts*,  N.  R  2nd  Lieutenant  47th  Engineers  Camp  Sheridan,  Ala. 

Hutchison,  G.  B  Elec.  School,  Naval  Operating  Base  Hampton  Road,  Va. 

Hyland,  G.  N  2nd  Lieutenant  Mather  Picld— Mills  Station  Sacramento,  Cat 

Jaqubs.  J.  D  Lieutenant  U.  S.  N.  R.  P.,  Public  Works  Dept  —Navy  Yard.  Boston,  Mass. 

Jensen.  J.  A  2nd  Lieutenant  Chem.  Service  Section,  N.  A.  .  American  University  Exp.  Station,  Washington.  D.C. 

John.  R.  R  Officers'  Training  School  for  Coast  Artillery  Fortress  Monroe.  Va. 

Jones,  Jonathan  Captain  23rd  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Kennedy,  J.  H  Cadet  ..  ....8th  Aviation  Instruction  Centre.  American  Expeditionary  Forces,  via  New  York 

Kent,  S.  L..  Jr  1st  Lieutenant  .  ..34th  Engineers  American  Expeditionary  Forces,  via  New  York 

Kern,  F.  X  .Lieutenant  23rd  Regiment  Engineers   American  Expeditionary  Forces,  via  New  York 

Kettek,  P.  R  1st  Lieutenant  U.  S.  Naval  Reserve  Force  Care  of  1520  Real  Estate  Trust  Bldg.,  Pliila. 

Klrin,  A.  C  1st  Lieutenant  Production  Section,  Gun  Division  Office.  Chief  of  Ordnance.  Washington,  D.  C. 

Knbass,  E  .-  Ensign  U.  S.  Submarine  Base  New  London.  Conn. 

Knight,  C.  C,  Jr  Lieutenant  318th  Pield  Artillery,  N.  A  Camp  Jackson,  S.  C. 

Kobllb.  W.  P.  B  Sergeant  Signal  Corps  Washington.  D.  C. 

Kraus.  P.  T  2d  Lieutenant  55th  Signal  Battalion,  U.  S.  A  Amer.  Exp.  Forces,  via  New  York 

Laverty,  C.  R  Co.  "P,"  305th  E  ngineers.. ....  ...  ..Camp  Lee,  Va. 

Lawrbncb,  G.  E.  Lieutenant  J.  G  U.  S.  Naval  Res.  Force.  .U.  S.  S.  "Nokomis,"  European  Waters,  care  Postmaster,  N.  Y. 

Lawson,  T.  W  1st  Lieutenant  109th  Infantry  American  Expeditionary  Forces,  via  New  York 

Lba,  E.  S   .Major  Artillery  Ammunition  Division    Frankford  Arsenal 

Lees.  E.  A  1st  Lieutenant  Company  "E,"  56th  Infantry  Camp  MacArthur,  Waco,  Texas 

Levin.  J  2nd  Lieutenant  Coast  Artillery  Reserve  Corps  Fort  Hancock,  N.  J. 

k°SB'  A"  H  {         Ee^chxnl^}  -Camp  Meade.  Admiral.  Md. 

Lynch,  N.  H  "P"  Co.,  6th  U.  S.  Engineers  American  Expeditionary  Forces.  France 

MacGabbiclb.  G.  L  .Private  Company  ••  B."  103rd  Engineers  American  Expeditionary  Porces.  via  New  York 

Maclean.  M.  R  Major  Headquarters  5th  Bn.,  154th  Depot  Brigade  Camp  Meade,  Md. 

MacMaster.  Roy  H  Naval  Officers*  Training  Camp  Cape  May,  N.  J. 

Magbb.  J.  W  1st  Lieutenant  446th  Engineers'  Pontoon  Train  Washington  Barracks.  D.  C. 

Mahan,  J.  H  {""R^d^'&hST"} Columbia  University.  New  York  City 

Mallon.  G.  J  Lieutenant  (Jr.)  U.  S.  Naval  Reserve  Force  U.  S.  S.  "Ml.  Vernon."  care  of  Postmaster.  N.  Y. 

Maltby.  F.  B  Major  Engineer  Officers'  Reserve  Corps  Army  Building.  New  York 

Mann,  C.  P  1st  Lieutenant  Coast  Artillery  Reserve  Corps  Port  Revere,  Mass. 

L U  S  Force  I  s^SStJS^SS^. 

Marks,  Alexander  Private  Co.  F.  603rd  Engineers  2nd  Battalion,  American  ExpV  Forces,  via  New  York 

Martin,  T.  S.,  3rd  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps   Washington,  D.  C. 

Mayburry,  W.  G.,  Jr  Lieutenant  334th  Field  Artillery.  National  Army  Camp  Pike.  Ark. 

McCausland,  J.  R  1  Ms^n?or1Gra"rr  } U-  S-  Po*t  Office  701.  R.  T.  0..  American  Expeditionary  Forces,  France 

McCuntock,  J.  L  U.  S.  Navy  Radio  Station  .Atlantic  City.  N.  J. 

McCord,  J.  B  Lieutenant-Colonel   Ordnance  N.  A  American  Expeditionary  Forces,  France 

McCobmick.  J.  C  1st  Lieutenant  Co.  "C."  1st  Engineers  American  Expeditionary  Forces,  via  New  York 

McCoy,  J.  F  2nd  Lieutenant  Aviation  Section,  Signal  Corps  

McGabbiole,  J.J  1st  Lieutenant  Anti-Aircraft,  Artillery  C  A.  C  
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SWIND  MACHINERY  COMPANY 

MACHINERY  MERCHANTS 


1110  Widener  Building 


.ill 
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ENGINES 
DERRICKS 
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HARDWARE 


1744 

.JJACOBSHANNON&CO, 

^  Market  Street 
philadelphia 

^CONTRACTORS^ 
EQUIPMENT 


Philadelphia,  Pa. 


 mini  11 


CONCRETE 
MIXERS 
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HENRY  DkHUFF 


STEEL  PLANT  AND  ROLLING 
MILL  CARS 
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De  HUFF  and  HOPKINS 

MORRIS  BUILDING  it  PHILADELPHIA 

Mechanical  Equipment  and  Supplies 

BUDA  ELECTRIC  STORAGE  BATTERY  Industrial  Trucks 
and  Tractors. 

K ASTON  CAR  &  CONSTRUCTION  CO.,  Industrial  Cars 

and  Equipment. 
GEO.  D.WHITCOMB  CO.,Elcctric  andGasolincLocomotives. 
McNEIL  Charging  Barrows,  Steel  Barrows. 
JOYCE  CRIDLAND  LIFTING  JACKS. 
COFFIN  VALVE  CO.,  Sluice  Gates  and  V  alves. 

'iiijpiiiJi'iiir:1  ^-ii'M -^iriiiiimiiiiiiiimiiiiiiiiimiiimi 


GEO.  A.  HOPKINS 


fHim»lllllllllllllillillliiiiiiiui!:!r     in  in  r 'iii 

I  WOODOLEUM 
I  FLOORING 

I   For  the  Home,  Store,  Factory,  Etc. 

^iiiimiiiiHaMiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiuiiiti 
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WOODOLEUM  LASTS  A  LIFETIME 
Our  Work  Done  Many  Year*  Ago  I*  Still  Perfect 

The  best  regulated  and  largest  corporations  in  the  country 
use  and  endorse  "Woodoleum." 

THERE  IS  BUT  "SB  WOODOLEUM— ACCEPT  NO  IM1TATIOS 

WOODOLEUM  MFG.  CO.  mA2r&JST~ 
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WINDOW  GLASS 


xii 
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B«it  Branda  American  Window  Glaii.  Ornamental 
and  Sky  l  ight  Glau— Win  Clan  —  French 

Plate  Mirron — Glaziert'  Diamonds 
Green  ho  uic  Glau,  Glaii  for  Conwrvatoriet 

BENJAMIN  H.  SHOEMAKER 

20S.  307.  309  and  ail  N.  Fourth  St..  Phil  a. 

imnmiiiiiiiiiiiiiiiiiiiniimn^ 
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McMillan,  H.  L  Major   Engineer  Officers'  Reserve  Corps  Camp  Humphrey,  Va. 

W.  C  Captain  Ordnance  Officer,"  Re*rve ...  Inspects  Division^^ouse  Elec  *  Mfg.  Q, 


\Shadyside,  Pittsburgh,  Pa. 

Millar,  E.  A.,  Jr  1st  Lieutenant  Ordnance  N.  A.  ..   Camp  Hancock,  Augusta,  Ga. 

Moiir.  C.  F  Private  Co.  "B,"  45th  Engineers  -  Camp  Humphrey,  Va. 

Moody,  Wm.  M  Reserve  Officers'  Training  Camp  Port  Oglethorpe,  Ga. 

Moo.v,  T.  E  Sergeant   Barracks  C— 19,  O.  O.  M.  I.  S  Rarttnn  Arsenal,  Meluchcn.  N.  J. 

Moran.  J.  B  1st  Lieutenant  Ordnance  Officers*  Reserve  Corps  Washington,  D.  C. 

M tench,  W.  O..  Jr  1st  Lieutenant...  Co.  No.  1-4,  E.  O.  T.  C   Camp  Lee,  Va. 

Murpiiy,  H.  C  _  Ensign  U.  S.  Navy  Bureau  of  Ordnance.  Navy  Dop't,  Washington,  D.  C. 

Ml'siix,  Samuel. .....  1st  Class  Yeoman . .   .  t^arc  of  Public  Works  Officer,  U.  S.  N._  Cape  May  City,  N.  J. 

Myers,  W.  T  2nd  Lieutenant  16th  U.  S.  Cavalry  Mercedes,  Texas 

Nrwlin.  E.  M   1st  Lieutenant   -.312  Machine  Gun  Battalion  Camp  Meade,  Admiral,  Md. 

Nbwlin.  J.  C  .Major  Engineer  Officers'  Reserve  Corps  Amer,  Embassy,  London,  care  of  Vice- Admiral  Sims 

N'ixuorf,  P.  S     5th  Company,  Coast  Artillery  Officers'  Training  Camp   Fort  Monroe,  Va. 

NixonMiu.ee,  M  Captain  Captain  Com'd'g  Co.  A.  19th  Engrs.  (Rwy)  .American  Expeditionary  Forces,  via  New  York 

Noybs,  S.  H  1st  Lieutenant  1st  Aero  Squadron  Columbus,  N.  M. 

•Oakbs,  J.  C    Colonel  113th  Engineers  Camp  Shelby,  Hattiesburg.  Miss. 

O'Connor,  Chas.  P..  .  Captain...   19th  Engineers  (Rwy.)  U.  S.  R  American  Expeditionary  Forces,  via  New  York 

Orr.  M.  W  2nd  Lieutenant  Field  Artillery,  Separate  Detachment ..  .American  Expeditionary  Forces,  via  New  York 

•Otwbll,  Curtis  W  Colonel   . .  319th  Engineers  Camp  Fremont,  Palo  Alto,  Cal. 

Packer,  H.  M  1st  Lieutenant  Park  Aviation  Field  Millington,  Term. 

Pbrry,  Edward   Sergeant  Motor  Truck  Company  No.  3*9  Camp  Lee.  Petersburg,  Va. 

Pbtbrman.  J.  M  2nd  Lieutenant  5th  Bn.,  152nd  Depot  Brigade   Camp  Upton,  N.  Y. 

Peters.  E.  T  Chief  Yeoman  Naval  Coast  Defense  Dept.  Public  Works,  Philadelphia  Navy  Yard 

Pfbffer,  H.  W  ..1st  Lieutenant.  Ordnance  Officers'  Reserve  Corps.  Bethlehem,  Pa. 

Picki.es,  W.  W.  ..  Chief  Sanitary  Inspector   j  American  Red  Cross  >   J  Extra  Cantonment  Zone  Sanitation. 

J  Sanitary  Unit  No.  25  {  J         City  Hall,  Augusta.  Ga. 

Pip.kcb,  D.  T  American  Red  Cross  France 

,  Clayton  W  Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

r,  F,  B.  103rd  Trench  Mortar  Battery  American  Expeditionary  Forces,  via  New  York 

Pogh,  M.  R  Major  21st  Engineers  American  Expeditionary  Forces,  via  New  York 

Rawcliffe,  J.  F.  B  Lieutenant  79th  Field  Artillery  Houston,  Texas 

Raynsfuro.  C.  0  1st  Lieutenant..  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Rued,  R.  W  Private  Hqrs.  19th  Reserve  Engineers.  Railway  Amer  Exp.  Forces,  via  New  York 

Reed,  Thomas   .....Major  Ordnance  U.  S.  A  {  Thc  ajfiggg  gSSJUt.  N.  J. 

Rbbdbr.  W.  C  Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Rbningbr,  H.  A  _  Major  Headquarters,  103rd  Ammunition  Train,  28th  Div  Amer.  Exn  Forces,  via  New  York 

Riocb,  R.  S  Sergeant  Co.  "A,"  23rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Ridgway,  J.  J   1st  Lieutenant  Co.  "P."  318th  Infantry  Camp  Lee.  Petersburg.  Va. 

Ritchie,  J.  M  Captain  Quartermaster  Officers'  Reserve   Washington,  D.  C. 

Rogbrs,  C.  B  Private  201st  Aero  Squadron  American  Expeditionary  Forces,  via  New  York 

R»™«.  J-  I  —  -Lieutenant  United  States  Naval  Reserve  Force  {  pj^         p^^Monrc^,  Va. 

Roof,  J.  C  Captain  17th  Engineers  American  Expeditionary  Forces,  via  New  York 

Roth.  P.  E  1st  Sergeant  Utilities  Department,  Quartermaster's  Corps  Camp  Meade,  Admiral,  Md. 

Ruff,  A.  G  Ensign  U.  S.  Naval  Reserve  Force  Quarters  "B,"  Naval  Academy.  Annapolis,  Md. 

Russell,  J.  A  ...Lieutenant  31 1th  Engineers  Camp  Grant.  Rockford,  III. 

Ryan,  E.  J  1st  Lieutenant.   T.  C.  N.  A  American  Forces  Worarct  Camp,  Wartham,  England. 

Sacks.  S.  I   ,  Material  Corps,  U.  S.  N.  Reserve  Force  

SaMVIlLB,  L.  F  Private  108th  Field  Artillery,  Penna.  Troops  American  Expeditionary-  Forces,  via  New  York 

Satter white,  R.  L..  Jr  Company  20.  Naval  Aviation  Detachment  j^'ttoSlta!^ 

Sautbr.  W.  R  1st  Lieutenant.  ...Ordnance  Officers'  Reserve  ..New  York  Arsenal,  Governor's  Island,  N.  Y.  Harbor 

(  Aeronautical  ) 

Scmaum.  O.  W..   i  Mechanical  >   Signal  Corps.  U.  S.  A  Lindsey  Bld'g.  Dayton,  Ohio 

(    Engineer  ) 

tScuocu,  J.  B  Lieutenant  109th  U.  S.  Infantry  American  Expeditionary  Forces,  via  New  York 

Schoff,  A.  1   1st  Lieutenant  Signal  Corps,  Land  Division    Fort  Worth,  Texas 

Schwhgi.er,  0.  F  Reserve  Officers'  Training  Camp  Portress  Monroe,  Va. 

Schwbizbr,  H.  W  Gas  IMensc  Service.  Med.  Dept.,  U.  S.  A.  .  Washington,  D.  C. 

Scull.  M.  A.  H..  ...Lieutenant    Railroad  Transportation  Corps. U.S.  A.  P.O.  717,  American  Exp'y  Forces,  via  New  York 

Shallcross,  J.  B   Lieutenant  Ordnance  Reserve  Corps..  Inspection  Div.,  6th &  B  Sts..  N.  W.,  Washington.  D.  C. 

Shoemaker,  Pkekkkick  F   U.  S.  S.  Suzanne.  S  P.  510   ...  Cape  May.  N.  J. 

Shkahan,  J.  C          .      2nd  Lieutenant...  M.  T.  S.  A.  P.  O.  708  American  Expeditionary  Forces,  via  New  York 

Shustbr,  W.  H.,  Jr  Lieutenant  314th  Infantry  Camp  Meade,  Md. 

Sigmlind.  Paul  E... ,     .  .l<t  Replacement  and  Training  Regiment  of  Engineers.. Washington  Barracks,  Washington,  D.C. 

S«™.  A.  H  Sergeant  {  §^£S^&}  B  104.  Camp  Meade,  Admiral.  Md. 

•Smith.  W.  S   Rear  Admiral  Navy  Department . .  Special  Duty.  Naval  Consulting  Board.  Washington,  D.  C. 

Smith.  X.  R  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  The  Remington  Arms  W.M.C.  Co..  Ilion.N.Y. 
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POWERFUL 

Otto  Gas  and  Gasoline  Engines 

For  light  loads,  heavy  loads,  steady 
work,  emergencies  —  always  powerful, 
capable  and  enduring. 

That  extra  machine  power  needed  to 
back  up  your  man  power,  is  ready  at  an 
instant's  command  when  vou  install 

"Ottos." 

A  hundred  thousand  concerns  have 
proved  to  themselves  that  "Ottos"  are 
a  tremendous  asset  to  their  business. 
Stock  designs  up  to  50  H.  P.  arc  ready 
for  early  delivery. 


Otto  Engine' Manufacturing  Co. 

Sxt.iwt,  ta  Ui»  Otto  C11  Eniin«  Ca. 

3217  Walnut  St.,  Phil*.  114  Libarty  St.,  Naw  York 

15-17  S.  Clinton  St..  Chicago 


mm  mmiiiiii';!  1111  1111  11  f 
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BR1DGMAN  BROS.  CO. 


Wr  ought  Pipe 

Plumbing  Supplies 


121  to  131  So.  3 1  st  St. 


Philadelphia 


Manufacturer  tad  Jobber*  of 

Iron  and  Brass  Valves,  Fittings,  Etc. 
for  Steam,  Gas,  Water  and  Oil. 


Steam  and  Hot  Water  Boilers- 
Radiators— Pipe  Cut  to  Sketch 


MIIIIIIIIIIIIIIIIIMIIIIIIIIIli 


BELTING - 

-  COAL 
SHAFTING 

-  TIME 


Lei  your  shafting  revolve  on 
old  Reliable  "Sells"  Roller 
Bearings.  They  give  a  body- 
blow  to  the  high  cost  of  pro- 
duction. Through  line  contact, 
friction  load  of  line  shafting  is 
lessened  25%  10  50%.  Hence, 
less  coal  and  longer-lived  belting. 

Old  Reliable  "Sells" 

Tlie  hard  Heel  sleeve  between  the 
shaft  and  the  rollers  keeps  the  bearings 
from  grooving  the  shaft. 

Installation  is  quick  and  eaiy—  the 
hearing  is  split  throughout. 

Modernize  your  plant  now,  while 
saving  "overhead  "  and  speeding  up 
production  and  conservation  of  fuel 
mean  so  much.  Full  details  by  return 
mail. 

Yours  for  a  big  saving, 


(/  Manager 


Royrrsford  Foundry  & 
Machine  Co. 

4»  No.  Slh  St.,  PhiUxietphu.  Pa, 
-  Sells' '  I j  me  .Shatl  Keller  Beat  ings.  "Sells'- 
Commei ,  ial  ftallei   Heatings.  Hat/iillea" 
fling  Oil  /Ifjmfr,  Shall  Hem/em,  Crl 
lari  anil  Om/lmgs,   Pnnthei  anil  Viet, 

/'««<•*<«»•  ""<'  SttmlmH  htarhmes.  Sen- 

•  ilne  Dull  Pre-iei,  Prill  Presses,  hoal 
Pi  esses,  tiimding  ami  Polishing  Machines. 
Tnmhltng  Kartell.  "Hollerme"  the  hail 
and  rallei  hearing  Infill,  ami. 


SEPTEMBER,     NINETEEN     HUNDRED      AND  EIGHTEEN 


Googl 


COMMITTEE     ON     NATIONAL  SERVICE 


Spaceman,  H.  S  Major  Engineer  Officers'  Reserve  A.  P.  O.  702.  American  Exp'y  Forces,  via  New  York 

Spiixan,  J.  J.  D  .  .2nd  Lieutenant..  103rd  Trench  Mortar  Battery  American  Expeditionary  Forces,  via  New  York 

St.  John,  Everett  1st  Lieutenant  Coast  Artillery  Reserve  Corps   Fort  duPont,  Delaware 

Stevenson,  W.  I  Lieutenant  Commander  U.  S.  Naval  Reserve  Porce  Care  of  American  Consul,  Bordeaux,  France. 

Stokes,  D.  B.  Major  Quartermaster's  Corps,  N.  A  Care  of  Hotel  Burlington,  Washington,  D.  C. 

•Tawrbsby.  J.G  Naval  Constructor  Navy  Department  Construction  Officer,  Philadelphia  Navy  Yard 

Taylor,  H  Major   304th  Regiment  Engineers  Camp  Meade,  Admiral,  Md. 

Thacsbr,  C.  P.,  Jr  1st  Lieutenant     Co.  "A"  32nd  Engineers  American  Expeditionary  Forces,  via  New  York 

Tbachbr,  C.  H  2nd  Lieutenant  ..  Co.  "A"  510  Engineers*  Sen-ice  Battation..  American  Expeditionary  Forces,  via  New  York 

•Tbomas,  R.  S   Colonel    22nd  Engineers   Camp  Sheridan,  Montgomery,  Ala. 

Thomson,  H.  A  1st  Sergeant   Penna.  Quartermaster's  Corps  Camp  Hancock,  Augusta,  Ga. 

Thorpe,  A.  W  Corporal  Ordnance  Detachment  "B"  Gunpowder  Reservation,  Edgcwood,  Md. 

Tiuson,  P.  E  Lieutenant  United  States  Naval  Reserve  Force  U.  S.  S.  "Florida"  (foreign  service) 

Tretch.  W.  E  Chief  Machinist  Steam  Eng.  School  for  Engineering  Officers  Stevens  Institute.  Hobokcn,  N.  J. 

Truiiak.  L.  J.  D  Ensign  U.  S.  Submarine  Base.  Barracks  "E"  New  London,  Conn. 

Uhusr.  W.  D  Major  Quartermaster  Corps.  N.  A  Washington,  D.  C. 

Vauclain.  A.  C.   Major  Ordnance  Officers'  Reserve  Corps  Watertown  Arsenal 

VItgran,  D.  I,  Captain  Quartermaster's  Corps  N.  A  Camp  Logan,  Houston,  Texas 

Voegelin,  E    10th  Company . .   Barracks,  Columbus,  Ohio 

Voclbson,  J.  A  Major  Sanitary  Corps,  N.  A  Camp  Joseph  E.  Johnston,  Jacksonville,  Fla. 

Ward,  R.  C  Captain  Hqr's,  34th  Artillery  Brigade  Fort  Adams,  R.  I. 

W artel,  A.  C  2nd  Lieutenant  35th  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Warfel,  J.  P  Senior  Lieutenant  U.  S.  Naval  Reserve  Force  Machinery  Division,  Philadelphia  Navy  Yard 

Watson,  G.  I  Captain  Engineer  Officers'  Reserve  Corps  

Wbbb,  Waltkr  Lorinc:  Major     R.  R.  &  C,  S.  O.  R   American  Expeditionary  Forces,  via  New  York 

...    0  ,  f    Reconstruction  Relief  Work    1  „ 

Webster.  E"  L  {  Friends"  Unit  of  the  Red  Cross  )  ~  -   F™« 

Wbnti,  E.  M  Asst.  Paymaster   U.  S.  Naval  Reserve  Force  U.  S.  S.  Westmount.  care  of  Postmaster,  N.  Y.  C- 

Wbeeler,  G.  C  Private   Chemical  Service  Section.  ..American  Expeditionary  Forces,  via  New  York 

Wheeler,  Robert  C  Captain   .Quartermaster's  Corps.    .  594-96  Drexel  Building,  Philadelphia 

Whitakbr,  J.  H  2nd  Lieutenant  317th  Field  Artillery  Camp  Jackson,  Columbia.  S.  C. 

White,  W.  M... Captain  and  Regimental  Adjutant  ..103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

White,  J.  A.  Jr  Private  20th  Division  109th  Infantry  American  Expeditionary  Forces,  via  New  York 

Wo*,  H.  J  Captain  Engineer  Officers'  Reserve  Corps  War  Department,  Washington,  D.  C. 

Wilkinson,  R.  W   Engineers'  Training  School  Carnegie  Institute,  New  York 

Wiluahs.  H.  L  2nd  Lieutenant  Engineer  Officers' Reserve  Corps  Corpus  Christi.  Texas 

Wrmt.  W.  E  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  

W0..WAO.  C.  A  1st  Lieutenant   Ordnance  Officers'  R«erve  Corps  ['f^liZ^  Hi^^A^t 

Hood.  E.  R.  Jr  Captain...  18th  Field  Artillery.  N.  A    

Work,  Leonard   1st  Lieutenant  52nd  Aero  Squadron,  A.  S.  S.  C  American  Expeditionary  Forces,  via  New  York 

Worrell,  H.  S  Lieutenant  Coast  Artillery  School    Fortress  Monroe,  Va. 

Worth,  J.  G  Captain  Quartermaster  Officers'  Reserve     Santa  Pe\  N.  M. 

Young,  R.  L   1st  Lieutenant   Ordnance  Reserve  Corps  Alterdeen  Proving  Ground,  Aberdeen,  Md. 

ZecKwsR,  J.R  Ensign   U.  S.  Naval  Reserve  Porce  Ship  Inspection  Office,  Philadelphia 

•Zihn.  George  A  Colonel  District  Engineers'  Office.  Custom  House  Portland,  Oregon 

i  i  a 

•  Army  and  Navy  member. 


JUNIOR  SECTION 

WII.MER  Z.  KLINE  Chairman 

The  regular  monthly   meeting  of  the   Executive         Do  not  forget  the  first  regular  meeting  on  Octoher 
Committee  of  the  Junior  Section  was  held  on  Thursday    8th.   Come  yourself  and  bring  a  friend, 
evening,  August  15th.  is  witn  feelings  of  the  deepest  sorrow  that  we 

learn  of  the  death  of  two  of  our  fellow  Junior  Members, 

It  was  decided  that  at  the  first  regular  meeting  of  Sergeant  Edward  W.  Harkcr  and  Lieutenant  Harry 
the  Section  there  would  be  a  smoker,  at  which  we  \V,  Prince,  who  lost  their  lives  in  the  service  of  our 
would  have  a  prominent  speaker  address  us  on  one  <>f  country.  The  Secretary  has  been  requested  to  send  let- 
the  vital  questions  of  the  day.  ters  of  condolence  to  their  parents. 
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(Patented! 
"PENNSYLVANIA" 

Ail-Steel  Frame  Hun*  Of usher,  lot 
Coat,  Limestone,  etc. 


COAL  CRUSHERS 

COAL  CLEANERS 

LIMESTONE  MILLS 

CRUSHING  i  PULVERIZING 
MACHINERY 

PENNSYLVANIA  CRUSHER  CO. 


HEW  >..»• 
30  Chiircti  St. 


Stsphsn  Clrard  Bldg.  PITTSBURGH 

PHILADELPHIA     <w.  •  f».-.  a*.- 


iFatentcdl 

Bradford  Coal  Cleaner*  for  cleaning  l  it-;-  \ 
minous  coals  and  reclaiming 
"  Robbed  "  coals. 


urn  mi 


ESTABLISHED  1860 

THE  JOHN  BAIZLEY  IRON  WORKS 

ENGINEERING,  BOILERMAKING  AND  MARINE  REPAIR  SHOP 
IRON  AND  BRASS  CASTINGS,  COPPERSMITHING  AND  PLUMBING 
OFFICE:  514  SOUTH  DELAWARE  AVENUE 

SHOPS,  S10  TO  511  S.  DELAWARE  AVE,  500  TO  520  S.  SWANSON  ST.,  501  TO  521  S.  WATER  ST. 

PHILADELPHIA.  PA. 


Illlllllll  : 


CHARLES  BOND  COMPANY 

MANUFACTURERS  OF 

OAK  TANNED  LEATHER  BELTING 

SHAFTING — HANGERS  —PULLEYS 

and  GENERAL  MILL  SUPPLIES 
520  ARCH  STREET  PHILADELPHIA 


mum1  miiiiiiini  iiiiiiui  illllllll1 
ill,:  illilliiir  'iiiiiiiii  'illlllllll 


SHERRITT  &  STOER  COMPANY 


! 


INCORPORATED 


MACHINE  TOOLS-RAILWAY  AND  MACHINE  SHOP  EQUIPMENT 

603  FINANCE  BUILDING,  SOUTH  PENN  SQUARE 

m  a.  sherritt  PHILADELPHIA,  PENNA. 

VICE  PRES.  A  BBf.  MGR. 


XIV 


SEPTEMBER,     NINETEEN     HUNDRED      AND  EIGHTEEN 


ENGINEERS'  CLUB  OF  PHILADELPHIA 

OFFICERS  AND  DIRECTORS,  1918-19 


PRESIDENT 

J.  FRANKLIN  STEVENS 


SECRETARY 


TREASURER 

LEWIS  H.  KEHNBY 


.  C.  L.  1 
JOSEPH  C.  WAG  NEB 


DIRECTORS-AT-LARGE 

WILLIAM  H.  CONNELL  WALTER  E.  LONG 

H.  P.  GANT  PAUL  SPENCER 

S.  M.  SWAAB 


PAST  PRESIDENTS 


EMMETT  B.  CARTER 

J.A.  VOGLESON 


W.  F  JAMES  (A.LB.B.) 
C.  N.  LAUER  IA.8.M.E.) 
E.  T.  MURPHY  (A.  S.  H.  *  V.  E.I 


DIRECTORS 

H.H.  QUIMBYIA.  S.  C.  E.I 

J.  D.  LEE,  Jr.  (I.E.  S.I 
J  B.  DOOOLAS  <P.S.C.) 


HERBERT  A.  TERRELL  <M.  1.  T.) 
W.M.NBWEIRI  (S.A.E.) 
ROBERT  M.  BARR  <W.  T.C.I 


EXECUTIVE  COMMITTEE 

J.  FRANKLIN  STEVENS,  Chairman 


W.  C.  L.  EOL1N 

IC. 


WALTER  E  LONG 


TRUSTEES 
BOND  REDEMPTION  FUND 

HENRY  LEFFMANN 
EDWIN  F.  SMITH  CARL  HIRING 


STANDING  COMMITTEES 


FINANCE 

WALTER  B.  LONO,  C 
PAUL  SPENCER 


HOUSE 

POOL  PARKER. 
H.  P.  GANT 


B.  F.  COBB 
H.  F.  SAHVILLE 
CHAS.  F.  ISZARD 

H.B.ALLEN 
CHAS.  F.  PUFF,  Jr. 


MEETINGS 

S.  M.  SWAAB.  Chairman  IE.  C.i 
LEWIS  H.  EBNNEY  (E.  C.i 
C.  B.  CLE  WELL  (I.  B.  S.) 
J.  A.  STEINMETZ  I  A.  S.  M.  B.I 
C.B.  VOYHOW  CA.S.C.B.I 
W.  P.  DALLETT  (W.  T.  C.I 
R.E.PAGB  (M.I.T.) 
N.S.PRINGLE  (S.  A.  B.) 
A.  P.  GOLDSMITH  (A.  S.  H.  A  V.  E.) 
C.  C.  BLACK  (P.S.C.) 
E.  B.  TUTTLE  (AJ.EE.I 

MEMBERSHIP 

PAUL  SPENCER,  Chairman 
A.  W   BARTLETT  A.  C.  WOOD 

H.  F.  SANVILLB  CHAS.  F.  PUFF,  Jr. 


PUBLICATION 

DAVID  B.  SMILEY, Chairman 
JOHN  P.  MUDD 
LEWIS  H.  KENNET 
GEORGE  A. HOAOLBY 
H.  P.  SANVILLB 
R.  D.  THOMAS  lA.  I.  E.  B.) 
M.  W.  FRANKLIN  <A.  S.  H.  4 
H.  CALVERT  (I.  B.  S.) 
H  R.  COBLEIGH  IS.  A.  B., 
W.  FISHER  (A.  S.  C.  E.I 
R.  M.BARR  (W.T.C.. 
N.  A.  WHITE  M.  I.  T.) 


PUBUC  RELATIONS 

GEORGE  R-  HENDERSON.  Chairman  (B.C.) 
EMMETT  B.  CARTER  IE.  C.) 
R.  H.FERNALD  (B.  C.) 
A.  F.  DAMON.  Jr.  (A.  S.  C.  E.)  S.  L.  KREASS  <A.  S.  M.  E.) 

C.  J.  WALTON  IM.  I.  T.)  GEO.  A.  DENNY  (W.  T.  C> 

W.  H.  PALMER.  Jr.  (S.  A.  E.)  M.  W.  FRANKLIN  (A.  S.  B.  *  V.  E.  I 

(I.  B.S.I  J.  H.TRACY  (A.I.  E.B.) 

H.  W.  FORSTBR  (P.  S.  C.I 


PAPERS 

LEWIS  H.  KENNEY. 

M.  W.  FRANKLIN 
H.  P.  GANT 
WM.  POOL  PARKER 
H.  F.  SANVILLB 
DAVID  E.  SMILEY 
C.  R.  SPARE 
G.  M.  SPEAR 
J.A.  STEINMETZ 
S.  M.  SWAAB 


GEO.  E.  CROFOOT.  Chairman 
JOHN  P.  MUDD  G.  A.  DICKBL 

CHAS.  F.  PUFF.  Jr.  STEWART  A.  JBLLETT,  Jr. 


BY-LAWS 

R.  H.  FBRNALD,  Chairman 
ROBT.  M.  BARR  W.  H.  CONHELL 

J.  C.  TRAUTWINB,  Jr.         T.  D.  JUST 


NATIONAL  SERVICE 

GUILL1AEM  ABRTSBN.  Chairman 

W.  C.  L.  EGLIN 
F.  K.  WORLBY 
WALTON  CLARK 
J.  * 


SPECIAL  COMMITTEES 

AFFILIATED  SOCIETIES 

CARL  HERINO.  Chaliman 
J.  E  BRANEGAN 
W.  I.  PLACK 

H.  W.  Da  1 


CONSERVATION  OF  FUEL 

WALTON  CLARK.  Chairman 


GEORGE  R.  1 
EMMETT  B.  CARTER 
H.  L.  MOODY 


H.  F.  SANVILLB 
A.  C.  WOOD 


BUILDING 

F.  C.  DUNLAP,  Chairman 
S   M.  SWAAB 

W.  H.  CONNELL 
MANTON 


ENGINEERS'     CLUB     OP  PHILADELPHIA 


453 


Digitized  by  Google 


ENGINEERS'  CLUB  OF  PHILADELPHIA 
—Hmnnu>iiuiuiiumi««a^M*immuniamimiHt  r— unHiiuiiumimitiliiiuiiWi  mmiuiummnunumMMMMmtiiiimiiiiiiiumta— 


T  H  k     w  a  «  II  I  X  (i  T  n  \    «  q  0  a  h  v.     r  11  »:  s  s 


J.  B.  LIFP5NCOTT  COMPANY 

t«r  iOVTI  sixth  stri:kt.  pimi.  vioi.i-iiia 

PUBLISHERS   AND  PRINTERS 

Typesetting,  Illustrating,  Printing,  Mind- 
ing and  Mailing  of  Weekly  ami  Monthly 
Periodicals)  Catalogues,  Ccncalogical, 
Historical  and  Medical  Works:  Fine 
Editions  of  Books  of  all  Descriptions 
for  Ccneral  or  Private  Distribution. 

J.  B.  LIPPINCOTT  COMPANY 

PHILADELPHIA  MONTREAL  LONDON 


iiiiiiiiiiiiiiiiiiiii!!!-. i  iiiiiiiiiiiiiiiiiiiiu  viiiiiiihiiiiiiii 


llllllllllllllliiitiiinii:       hi  mill  1.1  i;  '  iiiimiliiiiiili 


XV 


SEPTEMBER,     NINETEEN      HUNDRED      AND  EIGHTEEN 


igiiizea  uy 


Google 


THE 


JOURNAL 


VOL.  XXXV-10 


OF  THE  ENGINEERS'  CLUB  OF  PHILADELPHIA 

AND  AFFILIATED  SOCIETIES 

OCTOBER,  1918 


NO.  167 


THE  EARLY  HISTORY  OF  AMERICAN  SHIP- 
BUILDING 


A  review  of  Ike  history  and  practice  of  shipbuilclinf  in  the 
United  Sidles  prior  to  HUM.  as  compiled  from 
the  memoirs  and  papers  of  the  late  Mr. 
Charles  If,  Cramp,  the  report  on 
shipbuilding  in  America  by  Mr. 
Henry  Hall,  and  the  personal 
experiences  of  the  author. 


1 1  v  W.  A.  DOBSON.  Member* 
FISHING  VESSELS 

FISHING  vessels  proj>erly 
come  first  in  any  account 
of  the  American  ship- 
building industry,  since  fish- 
ing vessels  are  the  starting- 
point  of  our  shipbuilding  and 
merchant  service,  as  they 
have  been  historically  in  the 
case  of  every  nation  which  has 
been  conspicuous  upon  the  sea. 
In  this  respect  America  has 
followed  the  path  of  all  of  her 
predecessors;  and  it  was  the 
steps  she  took  in  this  direc- 
tion which  led  originally 
both  to  the  possession  of 
her  large  fleet  of  fishing  boats 
and  vessels  and  to  her  success 
in  the  field  of  general  nauti- 
cal enterprise. 

The  first  steps  in  the  de- 
velopment of  the  fishing  Inisi- 
ness  of  America,  and  the  at- 
tendant shipbuilding  industry,  .  . 
was  that  which  led  to  the  cross- 
ing of  the  Atlantic  by  European 
fishing  craft  and  the  planting  ol 
small  establishmentsonshore  by  their 
crews  At  the  time  of  the  settlement  of  the 
north  Atlantic  coast  fish  were  in  greal  de- 
mand abroad  and  brought  high  prices.  In 
1497  Cabot  made  known  in  Europe  that  the  ocean  in  the 
neighborhood  of  the  northern  part  of  this  continent  was 
full  of  fish  of  a  size  then  seldom  seen  in  the  old  country. 

•  Naval  Architect.  The  Wm.  Cramp  &  Sims  Ship  ami  Engine 
Building  Company. 


Cutyrighltd  iy 
V.  S.  S.  "  II 


"Here,"  he  said,  "were  great  seals,  and  those  which  we 
commonly  call  salmons,  and  also  soles  above  a  yard  in 
length,  1ml  especially  there  was  a  great  abundance  of  that 
kind  which  the  savage  called  baccalos,  or  codfish." 

The  first  vessels  sent  to  America  to  fish  were  among 
the  largest  of  their  time  in  the  merchant  service  of 
England,  France  and  Portugal.  As  illustrating 
the  size  of  those  early  vessels,  it  is  stated 
i  i'  of  the  1,232  sail  which  in  1582  com- 
prised the  whole  marine  of  England 
not  over  217  were  over  80  tons  actual 
burden;  that  is  to  say,  not  over  75 
feet  in  length  by  about  23  feet 
in  breadth,  and  about  10  feet 
in  the  hold. 

The  first  vessels  sent  from 
New  England  to  the  banks 
to  fish  set  sail  in  1645,  and 
comprised  "a  ship  and  other 
vessels,"  their  rig  not  known; 
but  a  style  of  smack  which 
became  popular  as  soon  as 
something  larger  than  the 
shallop  was  required  was 
the  "catch,"  or  "ketch." 
The  Dutch  called  them  the 
"pinkie,"  a  name  borrowed 
from  the  Mediterranean  and 
meaning  a  hull  round  at  both 
ends,  the  outside  planking  end- 
ing on  the  stem  and  on  the 
sternpost,  in  distinction  from 
ships  having  a  broad  or 
"square"  stern  above  the 
water,  which  were  planked 
straight  across. 

In  1745  Andrew  Robin- 
son, of  Gloucester,  built  a 
vessel    with    square  stern, 
which  was  fitted  with  two 
masts,  bearing  a  sloop  sail  on  each 
;md  a  bowsprit  with  jib.  She  was  sharp 
on  tin   bottom  and   fast,  and,  on  being 
launched,  sped  over  the  water  so  fast  from 

/•;.  Mnlltr.  Jr.  ,  ,  .  . 

MtTrosD"  mi|tctus  gained  by  descending  from  the 

way-  as  to  elicit  from  a  bystander  the  remark,  "Sec  how 
she  scoons!"  "Scoon"  was  a  word  used  by  plain  people 
tn  express  the  skipping  of  a  fiat  stone  over  the  surface 
of  the  water  when  skillfully  thrown,  and  the  builder  of 
the  vessel,  having  lieen  somewhat  at  a  loss  for  a  name  for 
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the  new  rig,  seized  upon  the  trifling  incident  referred  to 
and  replied,  "A  scooncr  let  her  be,"  and  two-masted 
vessels,  with  jibs  and  fore  and  aft  sails,  have  since  been 
called  by  that  name.  The  advantage  possessed  by  the 
"schooner"  (as  the  name  is  now  spelled),  is  that  the 
canvas  of  the  vessel  is  divided  into  a  large  number  of 
sails,  which  are  more  easily  handled  than  the  large  sails 
of  a  sloop  could  be,  each  containing  the  same  amount  of 
cloth.  The  schooner  quickly  superseded  the  sloop  in  the 
bank  fisheries  and  in  all  others  requiring  voyages  of  any 
distance.  Since  the  Revolutionary  War  they  have  been 
the  only  vessels  employed  by  Americans  in  the  banks 
fisheries. 

The  clipper  schooner  represents  the  next  development. 
A  few  good  years,  in  which  fish  were  plenty  and  prices 
profitable,  and  the  anxiety  to  make  rapid  trips  and  as  many 
as  possible  in  one  year,  led  to  great  improvements  in  form. 
The  body  of  the  vessel  was  made  leaner  and  sharper  under 
the  water,  the  bow  longer  and  finer,  the  run  cleaner,  and 
the  angle  of  entrance  forward  was  shar|>ened  from  85" 
to  45°.  The  spars  were  lengthened,  and  the  schooner 
put  under  a  heavier  press  of  canvas. 

From  this  beginning  have  develojwd  the  magnificent 
four-  and  five-masted  schooners  of  the  present  day,  which 
are  often  equipped  with  auxiliary  motors,  and  steam  gear 
for  handling  sails  and  loading  apparatus. 


MERCHANT  SAILING  VESSELS 


Nature  having  fitted  this  continent  for  shipbuilding 
by  supplying  it  with  an  abundance  of  good  timber,  ves- 
sels have  been  built  upon  our  shores  from  the  first  year 
of  actual  settlement,  the  first  ship,  oddly  enough,  having 


PANORAMA  CRAMP'1;  *HIPV\Rr>  in  IR72 

been  constructed  to  carry  a  little  band  of  settlers  away 
from  an  inhospitable  region  which  they  wished  to  leave 
after  their  first  winter.  This  vessel  was  built  at  the 
mouth  of  the  Kennebec  River,  in  Maine,  a  region  which 


has  since  become  famous  for  its  ships,  and  which  is  now 
one  of  the  leading  localities  for  the  construction  of 
wooden  sailing  ships  and  toq>cdo  boats  of  high  speed. 

Shipbuilding  nourished  in  Philadelphia,  Baltimore, 
and  Charleston  to  some  extent  before  the  Revolutionary 
War.  Vessels  were  fitted  out  by  their  merchants  chiefly 
for  foreign  trade,  and  while  not  remarkable  for  number 
the  shipping  of  these  ports  was  well  built  and  well  modeled. 
Philadelphia  was  always  active  in  the  West  India  trade, 
and  at  one  time  had  almost  entire  possession  of  the  blast 
India  trade  of  this  country. 

During  the  Revolution  shipbuilding  was  nearly  sus- 
pended. Knglish  cruisers  hovered  near  our  coasts  and 
captured  and  destroyed  large  numbers  of  vessels,  the 
whaling  and  fishing  fleet  l>eing  almost  annihilated.  For- 
eign trade  suffered  the  same  fate.  Raids  were  made  on 
various  coast  towns  and  the  shipping  in  port  was  bunted; 
it  was  not  safe  to  send  anything  excepting  an  armed  vessel 
to  sea,  and  few,  except  privateers,  intended  especially  for 
preying  upon  English  merchantmen,  were  fitted  out  at 
any  American  port. 

After  1783  American  ships  were  foreign  vessels  in  the 
eye  of  British  law.  Cut  off  at  once  from  a  part  of  the  trade 
which  they  had  enjoyed  before  the  Revolution,  they  were 
compelled  to  go  into  the  fields  of  employment  which  were 
open  to  them,  and  the  Mast  India  and  Asiatic  trades  being 
free,  our  larger  merchantmen  went  into  them  at  once. 

March  3,  1815,  Congress  passed  a  law  forbidding  am 
foreign  vessel  to  bring  goods  to  America,  except  from 
the  country  to  which  it  belonged  This  act  was  the  legis- 
lative weapon  by  whose  unsparing  use  we  were  enabled 
in  the  course  of  a  few  years  to  obtain  from  every  foreign 
nation  a  treaty  of  reciprocity  in 
trade  and  to  break  down,  one  by 
one,  the  vexatious  obstructions 
of  foreign  law  to  the  free  enter- 
prise of  American  citizens  in  the 
carrying  trade  of  the  world.  The 
legislative  annals  of  Congres* 
contain  the  complete  record  of 
this  struggle  and  the  victory 
After  1815  our  maritime  career 
was  one  of  great  prosperity. 

The  bulk  of  American  ton- 
nage during  the  period  from  1S1-4 
to  1860  was  employed  in  general 
freighting  and  passenger  earn- 
ing between  this  continent  and 
the  Pastern  world,  and  some  of 
it  to  and  from  South  America. 
It  was  into  this  general  trade  that 
the  fast  privateers  of  1812-14 
went  after  |>eace,  and  in  which 
they  were  steadily  engaged  until 
they  were  worn  out,  which  was  in  about  twenty  years'  time, 
when  they  were  succeeded  in  general  freighting  by  a  fuller 
class  of  ships,  carrying  large  cargoes  and  spreading  a  vasi 
expanse  of  canvas.    It  was  required  that  the  vessels 
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should  carry  the  greatest  number  of  tons  of  goods  on  a 
given  draught  of  water  consistent  with  stability  under  sail, 
and  rolling  easily  in  a  sea-way,  steering  well,  and  sailing 
fast,  and  there  was  great  difficulty  in  deciding  upon  a 
model  which  would  answer  all 
the  multifarious  demands  of 
trade,  as  there  was  a  wide  variety 
in  cargoes.  Sometimes  the  char- 
ter would  be  for  a  cargo  of  rail- 
road iron;  sometimes  for  teas 
and  East  India  goods ;  sometimes 
for  grain  and  flour  and  naval 
stores ;  at  other  times  for  a  mis- 
cellaneous cargo.  A  good  aver- 
age style  vessel,  which  would  do 
fairly  well  under  any  circum- 
stances, was  the  best  result  that 
could  be  attained  so  far  as  model 
was  concerned,  and  builders  al- 
ways found  it  safe  to  err  on  the 
side  of  capacity  to  carry  a  little 
larger  and  heavier  cargo  than 
uas  called  for.  The  tendency 
was  decidedly  toward  full  shi|is, 
the  old  plan  lieing  followed  of 
locating  the  dead  flat,  or  largest 

section  of  the  ship,  at  two-fifths  the  length  from  the  bow. 
The  round  floors  and  the  long  turn  of  the  bilge,  lingering 
from  the  preceding  century,  gradually  gave  way  to  flatter 
floors  and  a  sharper  turn  of  the  bilge  ;  the  huge  swell  of  the 
sides  was  slowly  abandoned ;  figure-heads  were  left  off ; 
the  bow  was  made  flaring  above  water ;  more  sheer  was 
given;  the  center  of  buoyancy  was  moved  farther  aft; 
and  the  handsome  freight  carrier  used  between  1845  and 
1860  came  into  existence  in  consequence  of  the  successive 
changes  introduced. 

THE  PACKET  SHIP 

A  great  many  houses  in  Portland,  Huston,  New  York, 
Philadelphia,  Baltimore,  Norfolk,  Charleston  and  New 
Orleans  put  their  money  into  ships  especially  built 
for  the  passenger  service,  and  ran  them  in  regular  lines 
to  all  the  ports  abroad  and  on  our  own  coast  whither  trade 
and  travel  chiefly  tended.  In  the  coasting  trade,  brigs, 
schooners  and  barks  were  used,  but  in  the  packet  service 
to  foreign  ports,  barks  and  ships  only  were  thought  of. 
The  latter  were  vessels  of  the  largest  size,  handsomely 
built  and  sumptuously  fitted  up.  and  carried  often  600  to 
1,000  persons  and  1,000  tons  or  more  of  freight.  The 
lines  to  Liverpool,  Havre,  and  Australia  often  com- 
prised 15  or  20  vessels,  each,  of  the  finest  specimens  of 
maritime  architecture  afloat.  A  line  famous  in  the  history 
of  the  Delaware  was  the  "Cope  Line."  between  Phila- 
delphia and  Liverpool.  When  the  clipper  era  began  the 
packets  improved  in  speed  and  made  trips  across  the 
ocean  to  Europe  and  to  Australia  which  it  took  the  steam- 
ships years  to  surpass.    These  lines  were  owned  chiefly 


in  the  north  by  old  shipping  houses  of  great  experience 
and  large  capital. 

It  was  at  New  York  that  the  packet  business  between 
America  and  Europe  chiefly  centered.    There  were  celc- 
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hrated  lines  from  other  ports,  but  New  York  was  the 
pioneer  and  always  kept  the  lead,  and  had  the  most  and 
finest  packets.  The  New  Yorkers  were  restless  under 
their  dependence  on  the  old  English  ships  sailing  to  Fal- 
mouth, which  ran  only  in  the  winter  time,  and  besides 
were  slow.  In  the  summer  time  they  sailed  from  Halifax. 
It  was  resolved  to  run  an  American  line  from  New  York, 
and  a  start  was  made  a  year  or  two  after  the  war  of  1812 
by  Isaac  Wright  &  Co.,  with  the  four  ships,  Pacific,  Amity, 
James  Cropper  and  William  Thompson,  of  from  400  to 
500  tons  each.  These  packets  constituted  the  Black  Hall 
Line,  so  called  from  the  round  black  dot  in  a  white  field 
which  was  adopted  as  the  pennant  of  the  ships.  They 
were  put  at  once  into  the  packet  business  to  Liverpool, 
sailing  the  first  of  every  month,  and  made  the  run  out- 
ward in  an  average  of  23  flays,  and  the  homeward  run 
in  40  days.  The  ships  were  well  built,  fleet,  and  handsome, 
were  managed  with  great  energy,  and  were  successful 
from  the  start.  In  about  six  months  four  vessels  were 
added  to  the  line,  sailing  on  the  16th  of  every  month, 
and  each  made  three  round  trips  a  year.  The  Black  Ball 
Line  remained  in  existence,  though  changed  in  ownership, 
until  the  decline  of  American  shipping  finally  terminated 
its  career,  and  was  one  of  the  last  to  surrender  the  field 
to  the  new  monarch  of  the  sea.  steam. 

The  New  York  and  Philadelphia  packets  were  all 
superior  vessels,  and  were  commanded  by  a  remarkably 
fine  class  of  men,  the  i>est  families  on  the  shipbuilding 
coasts  contributing  men  to  officer  these  ships.  The  fre- 
quency and  regularity  of  their  sailing  were  strong  points. 
Toward  the  last  there  was  a  packet  sailing  every  five 
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days.  No  foreign  vessel  got  the  mails  in  those  days,  as 
they  were  all  given,  at  least  by  the  American  Government, 
to  American  packets;  and  so  great  was  the  reputation  of 
these  vessels  that  they  were  regularly  patronized  not  only 
by  Americans  going  abroad,  but  by  the  West  India  mer- 
chants, Canadians,  and  even  Knglish  officers  of  the  large 
garrisons  in  Halifax  and  the  provinces  generally.  These 
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packets  drove  nearly  all  foreign  rivals  out  of  the  business. 
Many  efforts  were  made  to  comjiete  with  them,  but  never 
with  any  success. 

The  first  three-decker  was  the  Guy  Maimering.  of 
1 .410  tons,  which  w  as  built  in  1849  by  William  1 1.  Webb, 
at  New  York —a  noble  structure  and  a  good  ship.  Three- 
deckers,  with  poop  and  top-gallant  forecastle  decks,  were 
afterward  the  popular  style  of  |»acket.  The  Guy  Man- 
ncring  was  190>i  feet  long,  register  measurement,  40 
feet  beam,  and  28f$  feet  deep  in  the  hold.  At  20  feet 
draught  above  the  keel  she  would  carry  2.400  tons  of 
cargo.  Her  greatest  beam  was  at  two-fifths  of  the  length 
from  the  bow.  The  lower  water  line  at  bow  and  stem 
were  concave,  and  at  the  plank-sheer  and  rail  the  bow  was 
almost  round. 

The  American  packets  carried  the  best  officers  and  the 
largest  crews  of  any  ships  afloat.  They  were  fast,  dry, 
handsome,  and  sumptuously  fitted  up,  and  were  managed 
with  so  much  energy,  care  and  ability  that  they  gained 
a  virtual  mono|xily  of  the  passenger,  mail,  and  express 
traffic  to  Kuro|ie.  They  made  the  best  time  of  any  ships 
afloat,  were  insured  at  the  lowest  rates  and  earned  the 
highest  freights,  and  superseded  nearly  all  the  English, 
French,  and  German  ships  in  that  business,  and  their  suc- 
cess and  fame  were  the  subject  of  intense  envy  abroad. 

THE  INCEPTION  OF  SCIENTIFIC  SHIPBUILDIN 0 

In  the  construction  of  these  vessels  the  best  talent  of 
the  day  was  employed  and  they  were  generally  built  for 
the  owners  by  contractors  who  had  already  attained  some 
celebrity.  The  rivalry  of  the  various  lines  was  keen, 
and  it  was  this  eager  competition  as  much  as  anything  else 
which  led  to  the  continual  improvement  in  models,  rig. 
workmanship,  and  general  excellence  of  American  ships, 
each  vessel  being  exacted  to  excel  some  rival  or  all  the 
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predecessors  of  its  own  fleet  in  some  desirable  quality. 
Huilders  found  that  more  was  required  of  them  than  at 
any  previous  |>eriod  of  their  history,  and  in  order  to  hold 
their  own  and  maintain  the  reputation  of  their  yards 
they  were  forced  to  study  the  scientific  principles  involved 
in  the  form  and  sparring  of  ships. 

After  1815  the  designers  and  builders  of  packets 
could  not  afford  to  remain  in  ignorance  of  the  funda- 
mental principles  of  their  art.  They  did  not  sufficiently 
know  what  made  one  ship  bad  and  another  ship  good, 
and  therefore  began  to  study.  They  sought  every  source 
of  information.  Hooks  were  imported  from  liurope,  and 
many  builders  went  to  school  to  the  constructors  of  the 
American  navy.  Delicate  tests  were  made  with  small 
models  of  different  forms;  fast  fish  were  cut  up,  and 
their  shapes  analyzed;  the  flow  of  waves  from  the  bow 
of  a  boat  was  investigated,  and  every  other  conceivable 
point  was  looked  into.  Model  tanks  and  the  law  of  com- 
parisons were  unknown,  but  to  judge  of  the  comparative 
resistances  of  two  models,  both  of  which  had  their  good 
points,  the  models,  made  to  scale,  were  towed  in  still  water 
attached  at  equidistant  ]>oints  to  a  balanced  lever  or 
whiflletree.  The  model  which  lagged  behind  was  adjudged 
loser,  as  the  greater  resistance  caused  it  to  fall  astern. 
The  period  from  1815  to  1850  was  thus  one  of  study, 
experiment,  and  discussion,  es|>ecially  in  the  large  cities, 
and.  in  consequence,  there  grew  up  a  race  of  acute  and 
daring  shipbuilders,  whose  achievements  were  the  wonder 
of  the  world,  and  whose  fashions  were  imitated,  both  on 
this  and  the  other  side  of  the  ocean,  by  everybody  who 
built  ships. 

The  qualities  desired  in  a  packet  ship  were  strength, 
speed,  stability  at  sea,  ease  of  handling,  easy  rolling, 
beauty  of  model,  and  comfort  in  the  passenger  accommo- 
dations; It  must  not  be  sup|K>sed  that  these  were  all 
attained  at  one  bound ;  on  the  contrary,  the  best  good 
general  model  for  the  packet  ship,  and  the  best  sizes  and 
dimensions  of  timber,  were  reached  only  by  patient  study 
and  slow  degrees.  A  great  many  had  ships  were  built 
before  all  the  questions  that  interested  the  building  world 
were  decided;  but  it  was  the  final  result  of  the  forty  years 
of  study  and  investigation  following  the  War  of  1812 
that  the  sailing  ship  reached  substantial  perfection  as  an 
ocean  carrier. 

One  of  the  ablest  of  the  Navy  Constructors  at  this 
period  was  Mr.  Joshua  Humphreys,  of  Philadelphia.  Mr. 
Humphreys  designed  some  of  the  best  fighting  vessels 
of  the  day.  It  was  his  practice  to  rate  his  vessels  in  the 
prevailing  terms  of  the  day,  say  75  or  100  gun  frigates, 
but  he  invariably  carried  10  to  12  per  cent,  more  guns 
than  rated.  He  was  evidently  a  believer  in  the  theory  that 
Providence  is  on  the  side  of  the  heavier  artillery.  1  have 
seen  some  of  Mr.  Humphreys'  original  work  and  noted 
with  admiration  the  care  with  which  the  lines,  the  balance 
of  buoyancy,  the  effort  of  the  sails  in  manwuvring.  and 
many  other  features  were  worked  out,  not  in  accordance 
with  the  well-known  principles  of  to-day,  for  knowledge 


OCTOBER.     NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


AMERICAN     SHIP  BUILDING 


of  them  did  not  exist,  but  in  accordance  with  personal 
experience  gained  by  keen  observation  and  comparison  of 
performances. 

Good  ships  are  necessary  to  maritime  eminence,  but 
good  sailors  are  equally  required.  The  great  prosperity 
of  our  shipping  from  1814  to  1861  was  due  in  large  meas- 
ure to  the  excellent  personnel  of  the  crews  and  officers 
of  the  merchantmen.  These  [>cople  were  recruited  in  the 
main  from  the  fisheries  and  the  coasting  trade.  The  major- 
ity were  American  born. having  homes  and  families  ashore, 
and  were  persons  of  good  principles,  abstaining  especially 
from  the  use  of  spirituous  liquors.  Sailors  were  paid 
good  wages,  and  the  captains  were  spurred  by  the  pay- 
ment of  a  percentage  of  the  freight  and  passage  money 
as  a  premium.  A  good  crew  means  energy  on  board  ship, 
quick  voyages,  the  saving  of  time  in  getting  into  and  out 
of  port,  the  rescue  of  the  vessel  from  wreck  and  injury 
under  trying  circumstances,  a  lower  cost  of  insurance, 
smaller  bills  of  expense  generally,  and  fewer  losses  to  the 
owners.  The  energy  and  daring  of  the  excellent  crews  of 
that  ]>criod  were  the  admiration  of  the  maritime  world, 
and  gifts  of  plate,  the  freedom  of  the  city,  and  other 
testimonials  to  their  merit  were  not  uncommon.  The 
temperance  that  prevailed  on  American  vessels  was  the 
subject  of  comment  in  a  report  to  the  British  parliament 
in  1838. 

English  steamers  were  sent  out  in  1838  and  1840  to 
compete  with  these  packet  lines.  The  Cunard  Line  began 
in  1840.  backed  by  a  subsidy  of  £90,000  a  year,  afterward 
increased  to  £145,000.  The  Americans  responded  in  1847 
with  a  line  of  steamers  to  Bremen,  and  in  1850  with  the 
Collins  Line  to  Liverpool. 

Then  began  the  era  of  steam  navigation  of  the  Atlantic  ; 
but  the  steamers  at  first  did  not  display  speed.  Under 
ordinary  circumstances  their  trips  across  the  Atlantic 
were  made  only  in  good  average  sailing-packet  time.  Nor 
did  they  have  great  carrying  power,  as  their  capacity  was 
occupied  with  coal  and  machinery;  but  they  enjoyed  the 
advantage  of  being  able  to  pursue  their  course  in  storms, 
and  in  20  years  they  had  gained  so  much  in  speed  and 
carrying  power,  and  were  so  heavily  backer!  with  subsidies 
that  sailing  ships  could  no  longer  compete  with  them. 

The  United  States  aided  the  revolution  from  sail  to 
steam  just  enough  to  destroy  completely  her  splendid 
packet  lines  to  Europe  without  replacing  them  by  steam- 
ships carrying  her  own  flag.  In  1857  all  the  subsidies 
to  steamers  to  Europe  were  withdrawn  by  Congress,  and, 
in  consequence,  the  Collins  and  the  Bremen  lines  were 
taken  off.  The  sailing  packets  had  meanwhile  been  en- 
tirely superseded  and  from  that  day  to  the  outbreak  of 
the  present  war  the  passenger,  mail,  and  express  traffic 
of  the  Atlantic  has  been  transacted  almost  wholly  in 
European-built  steamships.  Sailing  packets  had  disap- 
peared even  before  the  war  of  1861,  which  gave  the  final 
crushing  blow  to  the  hopes  of  early  American  supremacy 
of  the  sea. 


THE  CLIPPER  SHIP 

The  shipbuilder's  art  in  America  had  by  this  time  ar- 
rived at  a  state  of  excellence  never  before  attained  in  the 
world,  and  ship-owning  had  reached  the  most  flourishing 
stage  in  its  history.  The  large  transatlantic  packet  ships 
had  already  become  established,  stimulated  by  the  Irish 
famine  and  the  beginning  of  transatlantic  travel,  and  it 
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was  just  al)out  this  time  that  the  great  clipper  ship  began 
its  career,  due  to  the  growth  of  various  branches  of  trade 
in  which  speed  was  as  important  for  commercial  purposes 
as  it  was  for  passenger  travel. 

In  1848  an  event  occurred  which  gave  a  great  stimulus 
to  the  demand  for  clipper  shij>s.  Gold  was  discovered  in 
California ;  and  as  that  region  was  practically  as  far  away 
as  Asia,  no  vessels  could  be  sent  there  except  those  that 
were  large  and  staunch.  A  few  vessels  had  found  their 
way  to  San  Erancisco  before  that  territory  had  been  pur- 
chased, and  a  number  soon  afterward.  Parcels  of  gold 
sent  East  by  the  Isthmus  of  Panama  created  a  rush  of 
emigration  and  trade  wholly  unparalleled  in  the  history 
of  the  New  World  for  its  sudden  rise  and  great  magni- 
tude, and  a  great  part  of  the  freighting  tonnage  of  the 
Eastern  States  was  called  on  at  once  to  engage  in  voyages 
to  and  from  the  Isthmus  of  Panama  on  both  sides  of  the 
continent,  and  also  in  trips  to  San  Francisco  around 
Cape  Horn.  By  1850,  such  was  the  rush,  that  150  to  200 
vessels  were  sometimes  at  anchor  in  the  Bay  of  San 
Francisco,  where  five  years  before  it  had  been  rare  to 
see  half  a  dozen.  These  were  nearly  all  American  vessels, 
as  under  our  laws  none  but  American  ships  could  bring 
cargoes  from  the  Atlantic  Coast.  A  few  packet  ships 
were  turned  into  this  new  and  profitable  trade,  but  the 
majority  were  freighting  vessels  of  large  size.  The  time 
spent  in  making  the  run  between  New  York  or  Boston 
and  the  Pacific  Coast  was  from  120  to  150  days;  but  in 
the  sununerof  1850  two  small  tea  ships  arrived  from  New- 
York  in  100  days.  This  quick  passage  caused  the  mer- 
chants of  the  West  to  realize  the  advantage  of  fast  ships, 
and  Alfred  Peabody,  of  Salem,  Mass.,  and  J.  P.  Flint,  of 
Boston,  who  were  on  the  coast,  at  once  resolved  to  build 
clipper  ships  for  the  trade. 
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All  these  influences  combined  made  the  period  from 
1848  to  1857  one  of  the  greatest  excitement  and  activity 
in  shipbuilding  in  the  United  States.  The  years  1851, 
1852,  and  1853  were  noted  for  the  fine  ships  produced, 
and  1854,  1855,  and  1856  had  never  been  equaled  in  the 
United  States,  cither  for  the  amount  of  sailing  tonnage 
built  or  for  the  gigantic  size  and  great  beauty  of  the  large 
vessels,  and  no  other  age  had  seen  so  noble  a  sailing  fleet 
as  that  which  sprang  into  existence  from  the  ship-yards 
of  Baltimore,  Philadelphia,  New  York,  and  Boston  in 
those  years  of  unwonted  excitement  and  prosperity. 


CUfm  ship  "morning  light" 

The  era  of  sharp  ships  was  now  fairly  inaugurated, 
and  many  of  this  class  were  built  not  only  at  New  York, 
but  at  Boston,  Philadelphia,  and  Baltimore.  Nearly  all 
the  early  ones  did  not  exceed  1,000  tons  register,  but 
competition  and  expanding  trade  led  to  a  great  increase 
in  size,  and  every  year  saw  vessels  launched  spreading 
more  and  more  canvas,  longer,  larger, and  faster  than  ever, 
and  expressly  intended  to  beat  everything  that  had  gone 
before  them  in  the  merchant  shipping  of  the  world.  In 
ten  years  after  the  first  clipper  the  size  of  2,400  tons  was 
reached,  and  there  were  large  numbers  built  of  about 
2,000  tons.  The  exploits  of  the  new  ships  were  amazing, 
and  created  the  greatest  excitement  in  shipping  circles; 
in  fact,  they  effected  a  remarkable  revolution  in  the  sail- 
ing tonnage  of  the  world. 

The  clippers  first  built  had  sharp  floors  and  sailed  with 
a  drag.  Some  of  them  from  Baltimore  drew  16  feet  aft 
and  only  8  feet  forward,  the  midship  section  or  broadest 
part  of  the  hull,  being  at  two-fifths  the  length  from  the 
bow.  as  in  the  packets  and  heavy  freighting  ships.  The 
forward  body  was  full  and  the  after  body  lean  and  taper- 
ing under  water.  This  was  gradually  changed  in  imita- 
tion of  the  fast  yachts  and  pilot  boats  of  New  York  City, 
and  after  1851  the  long,  sharp  bow  was  considered  the 
best  for  sjiecd.    The  midship  section  was  moved  back 


in  a  few  vessels  to  the  center  of  length,  and  the  after 
body  was  made  fuller  and  more  powerful.  The  ship  was 
then  made  to  sail  on  an  even  keel.  The  bottom  was  also 
made  fuller.  About  1854  clippers  began  to  be  built  with 
full  bottoms,  retaining  the  long  bow,  hollow  water-lines, 
and  other  peculiarities  of  the  swift  model.  These  were 
good  ships,  and  the  form  thus  attained  has  ever  since 
been  popular  in  fast  ships. 

The  speed  of  clippers  was  remarkable.  They  ran 
across  the  Atlantic  to  Liverpool  at  an  average  speed  of 
9  miles  an  hour,  spurting  at  the  rate  of  from  10  to  13 
miles  with  the  right  wind,  and 
on  voyages  that  gave  them  the 
advantage  of  the  trade  winds 
they  ran  for  days  and  weeks 
in  succession  at  an  average  speed 
of  from  12  to  15  miles  an  hour. 
To  sail  300  miles  a  day  was  not 
exceptional.  The  Red  Jacket 
made  325  miles  a  day  for  a  week; 
the  Flying  Cloud  once  sailed 
427 J 1  miles  in  24  hours;  the 
James  Baines,  an  Australian 
packet,  built  by  McKay  at  Bos- 
ton, once  sailed  420  miles  in  24 
hours ;  and  the  Sovereign  of  the 
Seas,  it  is  said,  while  on  a  voy- 
age from  the  Sandwich  Islands 
to  New  York  lasting  only  82 
days,  made  437  miles  in  24  hours. 

A  great  many  approved  a|>- 
pliances  were  invented  for  use  on 
the  clipper  ships,  among  them  the 
idea  of  double  topsails.  Captain  R.  B.  Forbes,  of  Boston, 
was  the  first  to  divide  the  enormously  large  and  high  old- 
fashioned  topsail  and  make  the  lower  topsails  yard  sta- 
tionary at  the  cap  of  the  lower  mast-head.  He  made  the 
mast-heads  long,  to  suit  the  rig.  The  upper  topsail  yard 
kept  the  place  occupied  by  the  original  yard,  and  was 
raised  and  lowered  in  the  same  manner. 

THE  MASTER  BUILDER 

The  term  "merchant  princes"  as  applied  to  the  owners 
of  these  vessels  was  quite  apropos — they  were  fully  con- 
scious of  the  importance  that  the  name  conveyed  and  they 
asserted  it  on  all  occasions. 

The  captains  of  these  ships  assumed  a  dignity  and 
pompous  manner  which  marked  them  as  the  most  im- 
portant habitues  of  the  maritime  districts  of  the  great 
commercial  cities  on  the  Atlantic  coast,  and  their  pre- 
eminence over  the  rest  of  mankind  was  never  questioned 
there.  They  were  a  handsome  set  of  men,  and  when  in 
port  were  well  dressed,  and  often  pretentious  as  well  as 
dictatorial  in  their  speech  and  conduct. 

There  was  one  person,  however,  who,  while  looking 
on  these  two  parties  with  amiable  and  condescending 
spirit  as  to  the  usefulness  and  necessity  of  their  exist- 
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ence,  firmly  believed  that  he  and  his  occupation  were 
of  paramount  importance ;  he  not  only  felt  and  looked 
it,  but  he  was  the  "master  builder"  in  reality. 

The  preeminence  of  the  master  builder  had  pre- 
vailed in  the  Levant  from  the  very  earliest  times.  The 
war  galleys  of  the  ancient  were  a  principal  factor  in 
the  development  and  continued  existence  of  their  power, 
and  the  maker  of  the  galleys  naturally  became  a  person 
of  commanding  influence.  An  idea  of  his  standing  can 
be  had  from  the  fact  that  special  laws  were  enacted  in 
his  Mull" — he  could  be  arrested  only  by  a  captain  of 
cavalry  and  one  hundred  men. 
His  peremptory  and  dictatorial 
manner  was  due  to  the  fact  that 
he  not  only  knew  more  than  any 
one  else  as  to  his  profession,  but 
that  he  was  supremely  conscious 
of  it.  That  he  was  born  to  his 
art  was  indispensable,  for  no 
purely  theoretical  education  can 
make  a  great  shipbuilder. 

The  acquisition  of  great 
wealth  never  appealed  to  him, 
and  no  master  builder  was  ever 
known  to  have  accumulated  a 
fortune  (from  shipbuilding 
alone) ;  to  excel  in  his  profession 
and  to  enjoy  the  pleasurable 
consciousness  of  having  per- 
formed a  great  work  was  the 
prevailing  idea  that  dominated 
his  mind. 

Mr.  William  H.  Webb,  the 
most  noted  of  the  earlier  American  shipbuilders,  accumu- 
lated a  fortune  as  a  ship  owner,  but  not  as  a  shipbuilder. 
He  was  connected  with  most  of  the  steamship  lines  that 
had  their  origin  in  the  demands  of  trade  consequent  upon 
the  discovery  of  gold  in  California.  The  most  noted  ship 
in  that  trade  was  the  Golden  Gate,  built  by  him  at  that 
time. 

Certain  New  England  builders  acquired  ownership  in 
some  of  the  ships  they  turned  out,  with  a  fair  success 
in  a  pecuniary  sense.  These  cases  cannot  be  considered 
exceptions  to  the  rule  or  to  any  statement  that  no  master 
builder  ever  acquired  a  fortune  in  the  pursuance  of  his 
profession. 

Among  the  great  shipbuilders  or  master  builders  who 
were  to  be  found  in  New  York  at  this  time  were  the 
Webbs,  the  Westerveldts.  the  Steers  family.  J.  Simouson, 
Bell  &•  Brown,  Smith  &  Dimon.  and  many  others  besides; 
in  Philadelphia,  while  the  output  was  not  so  great  nor  the 
vessels  so  large,  there  were  to  be  found  John  Vaughn, 
John  Birch/,  William  Cramp,  Matthew  Vauduzen,  John 
K.  Hammer,  and  many  others.  Most  of  these  shipbuilders 
neglected  to  familiarize  themselves  with  the  application  of 
the  steam  engine  to  ship  construction  even  in  the  most 
general  way,  and  this  resulted  in  a  gradual  elimination  of 
the  cult  or  guilds  of  the  master  builder  that  had  existed 


for  centuries.  In  passing,  it  may  be  stated  that  prior  to 
1900  no  American  shipbuilder  enjoyed  an  international 
reputation  in  any  degree  approaching  that  of  Mr.  Charles 
H.  Cramp.  He  was  the  real  representative  of  American 
shipbuilding  in  the  eyes  of  the  European  shipbuilding 
world. 

At  an  early  period  shipbuilding  in  Philadelphia  was 
included  in  a  triangle  of  Kensington,  bounded  by  Frank- 
ford  Road,  the  Delaware  River,  and  Montgomery  Ave. 
It  included  the  site  of  the  old  Treaty  Tree,  and  had  been 
occupied  by  the  master  builder,  shipwright,  ship  joiner. 
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ship  caulker,  ship  smith,  mariner,  ship  owner,  and  others 
pertaining  to  the  profession,  from  Colonial  times.  While 
other  pursuits  had  crept  into  this  triangle,  these  were  the 
prevailing  ones. 

The  shipwright  in  Philadelphia  emulated  the  master 
builder  in  his  peculiarities;  while  not  so  picturesque,  the 
shipwright  was  just  as  exclusive,  as  proud  and  self- 
conscious  as  his  superior,  the  master  builder.  They  were 
both  typical  Philadelphians,  when  it  came  to  pride  in  occu- 
pation, their  views  as  to  its  social  status,  and  the  value  of 
pedigree.  Hut  the  master  builder  himself  regarded  his 
occupation  as  far  above  all  others. 

The  shipwrights  and  their  associates,  in  the  pride  of 
their  occupations,  held  themselves  aloof  from  all  others; 
they  drew  the  line  at  all  occupations  outside  of  or  not 
connected  with  their  cult,  and  if  a  daughter  married  out- 
side of  the  line  she  was  promptly  placed  under  the  ban  of 
social  ostracism. 

The  pride  and  peculiarities  of  these  people  were  indi- 
cated in  many  ways.  All  shipwrights  wore  white  shirts 
while  at  work,  and  in  warm  weather  they  put  a  clean  one 
on  every  day.  A  woman  soon  lost  caste  if  she  permitted 
her  husband  to  go  to  work  two  consecutive  days  in  the 
same  shirt.  They  took  particular  pride  in  the  cleanliness 
and  clothing  of  their  children,  particularly  in  regard  to 
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school  attendance,  and  they  never  sent  them  to  the  public 
schools  until  the  grammar  school  and  high  school  were 
established,  as  six  months'  attendance  at  grammar  school 
was  necessary  to  enter  high  school. 

EARLY  SHIPBUILDING  Ilf  PHILADELPHIA  AHD  NEW  YORK 

Long  before  the  Revolution  Philadelphia  was  known 
for  what  Gordon  calls  the  "noble  manufacture  of  ships," 
where  both  before  and  after  the  Revolution  shipbuilding 
was  extensively  carried  on,  and  it  is  known  that  the  city 
produced  the  finest  craft  in  the  New  World;  certainly 
many  famous  war  vessels  and  large  trading  ships  were 
built. 

After  1814  building  went  ahead  strong  in  New  York 
and  the  fashions  were  thereafter  set  by  builders  on  the 
East  River.  These  vessels  and  the  river  steamboats, 
which  were  then  coming  into  prominence,  gave  work  to  a 
long  row  of  shipyards  extending  from  Pike  Street,  along 
the  Fast  River  front  of  the  city,  for  a  mile  and  a  half. 

William  H.  Webb,  the  great  builder  of  packets  and 
clippers  at  New  York,  and  afterward  of  wooden  steam 
vessels,  built  more  tonnage  on  foreign  account  than  any 
other  builder  at  this  port  (138  vessels).  One  of  his  ships 
was  the  Ocean  Monarch,  of  2.145  tons,  and  another  the 
great  iron-clad  steam  rain  Dunderberg,  considered  in  her 
day  the  most  formidable  fighting  ship  in  the  world. 

Philadelphia  had  a  large  Fasl  India  trade,  her  ship- 
yards were  numerous,  and  the  talent  employed  in  them 
was  good.  Of  all  the  many  yards  engaged  in  wooden 
shipbuilding  but  one  remains,  and  that  the  world-famed 
yard  of  W  illiam  Cramp  &  Sons.  Mr.  Cramp,  in  speaking 
of  the  history  of  the  company,  which  achieved  so  much 
under  his  direction,  states  of  the  transition  from  sails 
to  steam  and  from  wood  to  iron  as  follows: 

"We  witnessed  the  very  Ix-gitming.  appreciated  its  im- 
portance, am)  were  convinced  of  the  impending  and  in- 
evitable revolution  in  the  art:  wc  therefore  prepared  our- 
selves l.y  securing  alt  the  information  accessible  here  and 
elsewhere  both  as  to  the  use  of  iron  and  the  use  of  steam. 
We  began  (he  construction  of  iron  vessels  in  a  comparatively 
small  way  during  the  Civil  War.  and  our  yard  became  a  sort 
of  kindergarten,  as  most  of  the  workmen  had  to  be  trained 
to  the  work  and  working  appliances  had  to  be  designed.  Most 
of  the  members  of  the  old  firm  coutdtakc  any  part  of  the  build- 
ing of  a  ship  from  mould  loft  to  launching;  and  they  soon 
were  able  to  take  any  part  of  iron  work  from  bending  frames 
to  bending  plates  and  designing  furnaces  and  other  appli- 
ances. We  soon  found  that  practically  new  men  would  have 
to  be  utilised,  as  the  boiler  makers,  mostly  foreigners,  who 
worked  at  the  business  were  few  in  number,  and  did  not 
grasp  the  mechanical  necessities  of  the  new  departure. 

"Many  young  ship  carpenters  and  joiners  and  some  fisher- 
men, all  natives  of  this  place,  in  order  to  secure  themselves 
against  probable  changes  took  up  all  varieties  of  work 
except  riveting,  which  they  did  not  consider  a  mechanical 
occupation.  With  their  mechanical  instincts  and  perhaps 
superior  education  and  training  they  soon  outclassed  the  old 
stager,  anil  all  of  this  work  up  to  the  present  time  has  been 
done  by  these  men. 
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"Most  of  the  foremen,  leaders  and  best  men  from  drawing 
room  to  riveters,  in  all  of  the  new  shipyards  have  come 
from  our  place,  and  in  that  respect  they  might  be  consid- 
ered branches  of  the  old  firm." 

Mr.  Cramp  spoke  truly  in  likening  the  Cramp  Yard  to 
a  kindergarten,  for  from  that  yard  came  the  men  who 
became  factors  in  the  establishment  and  development  of 
nearly  all  the  shipyards  of  the  United  States,  before  the 
beginning  of  the  present  struggle  for  freedom  of  the 
nations  from  (>erman-imposcd  "Kultur,"*  and  who  are 
now  making  the  world's  history  in  the  number  of  vessels 
constructed  and  methods  of  fabrication.  In  this  connec- 
tion tribute  must  be  paid  to  the  late  Mr.  Morse,  of  the 
New  York  Ship  Yard,  who  had  the  vision,  the  courage 
and  tenacity  of  purpose  to  establish  the  Camden  Yard, 
with  the  avowed  purpose  of  applying  the  methods  of 
bridge  builders  to  shipbuilding. 

STEAM  VESSELS 

The  screw  was  adopted  for  towing  at  Philadelphia  in 
1849.  Some  one  in  that  city  who  had  two  towing  boats 
of  the  old  paddle-wheel  type  saw  the  advantage  of  pro- 
peller tugs  for  harbor  and  canal  use  when  he  saw  the 
Robert  F.  Stockton  towing  four  coal  barges  at  the  rate  of 
a  mile  in  11  minutes.  The  first  propeller  tugboat  built 
on  the  Delaware  was  constructed  by  William  Cramp,  of 
Philadelphia,  and  was  fitted  with  engines  made  by  Jacob 
Xeafie.  She  had  a  wooden  hull  80  feet  long,  17  feet 
broad  and  8  feet  deep.  This  boat  did  excellent  service 
on  the  Delaware,  and  her  success  brought  a  great  deal 
of  business  to  her  enterprising  builders.  It  was  thought  at 
first  that  the  entire  screw  should  be  below  the  hull  of  the 
vessel,  in  order  to  exert  its  full  power;  but  Mr.  Cramp 
departed  from  that  idea  and  fitted  the  Sampson  with  a 
6  foot  wheel,  only  half  of  which  was  below  the  hull, 
and  with  a  3-foot  keel  to  protect  the  screw.  After  a 
number  of  boats  had  been  built  of  that  style  some  one 
wanted  a  light-draught  tug,  and  the  board  keel  was  then 
removed  and  the  wheel  entirely  above  the  bottom  of  the 
vessel.  This  boat  proving  to  be  as  efficient  as  its  prede- 
cessors and  much  more  handy,  a  revolution  was  effected  in 
the  form  of  tugs. 

The  screw  propeller  made  its  first  appearance  in  the 
coasting  trade  at  New  York  in  1841,  the  Clarion,  of 
about  250  tons,  being  built  in  that  year  for  service  be- 
tween New  York  and  Havana.  This  vessel  was  the 
pioneer  of  the  present  splendid  fleet  of  screw -steamers 
in  the  coasting  trade,  and  was  driven  by  a  6<~,-foot 
Ericsson  w  heel.  Philadelphia  quickly  followed  the  ex- 
ample of  New  York,  and,  in  fact,  was  much  more  ener- 
getic in  adopting  screw  propulsion.  In  1842  six  screw- 
steamers  were  built  at  Philadelphia,  two  of  80  tons  each 
for  trading  to  Baltimore  and  four  of  200  tons  each  to 
run  to  Albany  and  Hartford,  with  6> 4  and  6-foot  wheels, 
respectively,  all  of  the  Ericsson  patent.  Other  vessels 
of  the  same  class  followed  from  time  to  time. 

The  Ericsson  patent  was  in  the  ascendency  in  the 
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earlier  years;  but  engineers  were  never  quite  satisfied 
with  it.   Woodcroft,  in  England,  and  following  him,  vari- 
ous American  inventors,  including  Loper,  at  Philadelphia, 
had  experimented  with  screws  based  on  the  principle  of 
an  expanding  pitch.    In  the  original  propeller  the  blades 
were  set  at  right  angles  to  the  axis,  and  had  the  twist 
of  the  real  Archimedean  screw, 
while  in    the    Woodcroft  and 
later  propellers  the  blades  took 
somewhat  the  form  of  the  thrcc- 
and  four-leaved  clover,  and  had 

a  second  twist  in  them,  the  pitch  _^  

expanding  from  the  axis  to  the  1 . 

periphery.    The  blade  has   be-    H  k~^»>r... 

come  elongated  in  the  course  of 
the  experiments  of  the  last  twenty 
years,  and  its  form  has  changed 
somewhat.  The  present  practice 
requires  an  heliocoidal  surface. 

SUBSIDIZED  AMERICAN  MAIL  SHIPS 

Several  companies  were  formed  in  New  England  for 
transatlantic  trade,  but  the  plans  of  Samuel  Cunard  were 
the  first  that  received  the  approval  of  the  Government. 
Cunard  built  four  paddle-wheel  steamers  of  about  1,140 
tons  each,  and  he  was  authorized  to  carry  the  mails  to 
Halifax  and  Boston  for  a  yearly  compensation  of  £80,000. 
In  a  few  years  the  line  was  extended  to  New  York  with 
a  yearly  compensation  of  $725,000,  afterward  increased 
to  $865,000  a  year.  The  plans  of  Cunard  were  carried 
out  in  such  a  manner  that  they  met  the  expectations  of 
the  owners  of  the  line  and  of  the  English  Government 
perfectly,  and  seldom  has  a  grand  commercial  scheme 
been  crowned  with  such  triumphant  success. 

Under  the  laws  of  1845  a  contract  was  accordingly 
made  by  the  United  States  with  Mr.  Collins,  whereby 
he  was  to  build  and  run  four  steam  vessels  from  New 
York  to  Liverpool,  making  twenty  trips  per  annum,  and 
carrying  mails  for  $385,000  annual  compensation.  The 
ships  were  to  be  of  2.000  tons  register,  of  the  most  pow- 
erful character,  and  suitable  for  men-of-war  in  case  of 
need.  The  Cunarders  were  then  of  1,140  to  1.500  tons 
register.  Mr.  Collins  was  resolved  upon  unquestioned 
excellence,  and  he  forthwith  prepared  to  build  four 
ships  of  2,800  tons  register  each,  of  the  best  materials 
and  workmanship,  and  fitted  with  machinery  of  unusual 
power.  The  Arctic,  of  2,856  tons,  the  clipper  of  the 
fleet,  and  the  Atlantic,  of  2,845  tons,  were  built  for 
him  in  1849  by  William  H.  Brown,  at  New  York,  under 
the  superintendence  of  George  Steers,  a  famous  builder. 
The  Baltic,  of  2,723  tons,  and  the  Pacific,  of  2.707  tons, 
were  built  by  Brown  and  Bell,  of  New  York.  The 
machinery  of  these  vessels  was  supplied  by  the  Novelty 
and  Allairo  works,  of  New  York  City. 

In  selecting  a  model  for  his  fleet,  Mr.  Collins  chose 
some  of  the  peculiarities  of  the  modern  swift  propellers. 
He  adopted  a  straight,  though  slightly  raking  stem,  a  long. 


sharp,  wedge-like  bow.  and  a  long  easy  run.  The  floor 
was  full,  but  with  easy  lines  everywhere.  The  hulls 
were  carried  up  out  of  the  water  high  enough  to  inclose 
the  houses  and  cabins,  and  gigantic  four-deck  structures 
were  produced,  with  a  full  complement  of  masts  and  spars, 
that  loomed  up  long  and  large  above  every  othci  ship  in 
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the  port  of  New  York,  and  won  the  unqualified  admiration 
of  all  who  saw  them. 

The  best  talent  of  the  day  was  consulted  with  regard 
to  every  point  about  the  hulls  and  machinery  of  these 
four  noble  vessels,  and  in  every  detail  they  were  of  excel- 
lent design  and  workmanship  and  in  appearance  imposing. 
Service  began  with  these  ships  in  1851. 

The  Cunard  steamers  were  making  the  voyage  from 
New  York  to  Liverpool  in  from  10  days  6  hours,  to  14 
days  3  hours,  averaging  in  the  year  ll,r/>  days.  From 
Liverpool  to  New  York  their  time  varied  from  10  days 
2  hours  to  16  days  20  hours,  averaging  12  days  9  hours. 
The  Collins  vessels  beat  this  time  from  the  start  by 
an  average  of  about  1  day,  their  voyages  to  Liverpool 
being  made  in  from  9  days  17  hours  to  12  days  9  hours, 
an  average  in  a  year  of  10  days  21  hours:  the  return 
trip  was  accomplished  in  from  9  days  13  hours  to  13 
days  17  hours,  the  average  being  11  days  3  hours.  The 
ships  had  the  confidence  of  the  public,  and  were  liber- 
ally patronized.  From  January  to  November,  1852, 
inclusive,  for  instance,  they  carried  4,306  passengers, 
as  against  2.969  who  went  by  the  Cunarders.  Their 
competition  for  freights  brought  the  rates  to  Liverpool 
down  from  £8,  10s.  to  £4 :  a  great  public  benefit,  be- 
cause the  United  States  was  importing  enormous  quanti- 
ties of  European  manufactures  and  paying  the  freight 
to  this  country.  The  voyage  to  Europe  was  shortened  by 
these  ships  and  travel  was  promoted  ami  in  eight  years 
from  the  time  they  began,  the  passenger  traffic  increased 
fivefold. 

The  Cunard  Line  began  to  build  new  and  large 
steamers  the  moment  the  Collins  Line  was  undertaken. 
Collins'  mail  pay  was  increased  to  $858,000  a  year,  and 
great  speed  was  required  of  him.  He  fulfilled  the  re- 
quirements, and  the  company  that  backed  him  spent 
large  sums  of  money  in  perfecting  their  engines  and 
machinery  and  maintaining  their  boats  in  full  efficiency. 
In  1854  the  Arctic  was  lost  at  sea  by  a  collision  in  a  fog 
with  the  French  steamer  Vesta,  only  45  out  of  the  368 
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people  on  board  ever  reaching  land.  The  Pacific  was 
lost  in  1856  with  all  on  board,  numbering  186  persons, 
and  a  valuable  cargo.  The  ship,  with  her  contents,  was 
insured  for  that  trip  for  $2,000,000,  and  nothing  was 
ever  heard  of  her  after  leaving  Liverpool  in  January, 
1856.   Neither  was  built  with  bulkheads. 

Collins  acted  with  energy  in  replacing  the  Arctic. 
In  1855  he  built  the  colossal  Adriatic,  of  4,144  tons 
register,  345  feet  long.  50-foot  bean),  and  33-foot  hold, 
at  a  cost  of  $1,100,000.  The  ship  cost  more  than  was 
expected,  owing  to  alterations  in  her  machinery  and 
her  long  detention  in  port  while  the  changes  were  being 
made;  but  she  was  a  good  vessel,  fast  and  capacious, 
and  once  in  1861  made  a  trip  from  Saint  Johns  to  Gal- 
way  in  the  unprecedented  time  of  5  days  19  '4  hours. 

Beginning  in  1853,  a  movement  had  sprung  into  ex- 
istence for  cancelling  Collins'  subsidy.  This  agitation 
went  on,  until  1856  the  pay  of  Collins  was  reduced  to 
$385,000  a  year,  and  in  1857  it  was  withdrawn  alto- 
gether by  the  refusal  of  the  Government  to  renew  the 
contract. 

IROM  VESSELS 

There  is  no  record  of  the  building  of  an  iron  vessel 
in  the  United  States  until  1838,  when  the  little  light  draught 
steamboat  Cadorus  was  launched  in  Pennsylvania,  for 
service  on  the  Susquehanna  River.  This  was  only  four 
years  after  the  advent  of  the  first  iron  steamboat  in  ling- 
land.  The  boat  was  employed  on  the  Susquehanna  River 
for  a  while,  and  was  then  sent  south  for  river  service 
there. 

Mr.  Cramp  states  that.  "The  first  iron  boat  built  in 
the  United  States,  about  1838,  was  the  barge  called  the 
Cadorus,  and  soon  after  another  was  built  by  Jesse  Starr, 
in  old  Kensington,  several  squares  from  the  river,  near 
old  Marlborough  and  Franklin  Streets  (Girard  Avenue). 
I  saw  it  as  a  boy,  when  it  was  hauled  down  to  the  river 
by  a  large  team  of  horses  from  the  boiler  works,  where 
built. 

"A  barge  built  of  iron  by  boilcrmakers  and  hauled 
through  the  streets  of  old  Kensington,  the  citadel  of  the 
shipbuilding,  was  an  event  of  great  wonder  and  impor- 
tance. It  attracted  great  crowds  witnessing  the  transporta- 
tion to  the  water,  and  was  an  endless  subject  of  discus- 
sion at  that  place." 

Several  small  vessels  were  built  afterward  by  engine 
builders  and  boilermakers.  it  being  practically  conceded 
as  plates  were  to  be  bent  and  riveted,  and  as  the  iron 
vessel  was  a  ty|>e  of  steam  boiler,  that  none  but  boiler- 
makers  were  exacted  to  build  them ;  and  they  continue 
to  do  so  practically  up  to  the  present  time. 

As  early  as  1842  Philadelphia  had  produced  a  line 
of  small  iron  steamboats  to  trade  to  Hartford.  Conn. 
That  year  was,  relatively,  a  favorable  one  for  the  rise  of 
an  iron  shipbuilding  industry  in  the  United  States,  for 
iron  had  just  touched  the  lowest  prices  ever  known  on  this 
side  of  the  Atlantic. 

While  iron  ranged  low,  a  number  of  boats,  all  of 
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moderate  size,  were  built  in  New  York  and  Philadelphia, 
and  a  now  famous  yard  at  Wilmington,  Delaware;  the 
most  work  ap[>cars  to  have  been  done  in  New  York,  the 
industry  being  fostered  in  that  city  by  the  great  marine- 
engine  shops,  four  iron  revenue  cutters  being  built  there 
in  1843  and  a  number  of  small  merchant  steamers  about 
the  same  time. 

SHIPBUILDING  DURIHC  THE  CIVIL  WAR 

After  the  war  of  1861  had  broken  out  the  value 
of  every  form  of  cast  and  rolled  iron  sprang  up  in  a 
remarkable  manner.  In  1864  pig  metal  had  touched 
$73.50  per  ton,  the  highest  figure  in  the  history  of  the 
United  States,  and  the  average  of  that  extraordinary 
year  was  $59.25,  something  entirely  unprecedented. 
Wages  also  rose  to  the  highest  point  ever  known,  for  the 
army  drew  off  an  immense  number  of  workmen.  Other 
circumstances  remaining  as  they  were  before  the  war, 
these  events  would  have  closed  the  gates  of  every  iron 
shipyard  in  America;  but  the  period  was  exceptional,  and 
those  four  years  were,  in  fact,  years  of  intense  activity 
in  all  the  yards.  It  was  necessary  to  construct  a  large 
number  of  iron-clad  war  vessels  immediately,  and  in  the 
emergency  the  reliance  of  the  Government  was  almost 
wholly  u|K)ti  private  shipyards.  Foreseeing  that  this  would 
be  the  ca-e,  the  proprietors  of  Boston,  New  York,  Phila- 
delphia, and  Wilmington  fitted  up  their  yards  in  anticipa- 
tion, putting  in  expensive  machinery  for  the  bending  of 
iron  frames  and  plates,  the  punching  and  rivet  holes,  and 
the  forging  and  handling  of  iron  bars  and  shafts.  The 
contracts  which  they  afterward  received  enabled  them  to 
go  on  and  improve  their  plant,  and  several  firms  invested 
from  $250,000  to  $1,000,000  each  in  shops  and  machinery 
of  the  most  massive  description.  The  liberal  expenditures 
for  armored  vessels  and  monitors  during  the  war  gave  the 
iron  shipbuilding  interest  the  most  powerful  impetus  it 
has  ever  received. 

This  result  has  since  proved  of  immense  value  to  that 
part  of  the  commercial  community  which  is  compelled  to 
own  and  employ  steam  vessels  in  deep-sea  trade,  and  has 
firmly  established  the  art  in  the  United  States,  improved 
the  quality,  and  decreased  the  cost  of  American  iron-built 
ships. 

In  1861  William  H.  Webb  built  the  iron-clad  stcam- 
propelled  frigates  Re  d'ltalia  and  Re  Don  Luigi  de  Portu- 
gallo  for  the  Italian  Government.  The  contract  for  them 
had  been  entered  into  before  1861.  and  some  trouble  was 
experienced  in  completing  them,  but  the  work  was  finally 
accomplished,  and  the  ships  were  sent  across  the  ocean 
and  delivered.  The  Re  d'ltalia  was  282'^  feet  long  on 
the  upper  deck  from  the  after  side  of  the  rudder  post  to 
the  forward  edge  of  the  hawser  pipes.  The  breadth  of 
beam  on  the  load  line  was  54  feet,  and  the  total  depth 
of  bold  33'  i  feet.  The  Re  Don  Luigi  dc  Portugallo  was 
3  feet  shorter.  The  armor  of  these  vessels  was  mounted 
on  a  frame  of  oak  and  locust  of  the  most  massive  de- 
scription, and  the  weight  of  each  ship  with  even-thing 
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on  board,  including  armament,  was  6,150  tons.  Each 
was  capable  of  speed  of  from  15  to  17  knots  per  hour. 
The  Re  d'ltalia  made  14  knots  per  hour  on  her  first  trip, 
with  steam  up  in  only  four  of  her  six  boilers. 

A  monster  iron-clad  was  soon  afterward  built  by 
Webb  and  sold  to  the  French  Government.  Originally 
ordered  by  Secretary  Welles  for  the  United  States  service, 
she  was  not  completed  until  the  war  was  over.  Her 
builder  then  obtained  permission  to  sell  her  abroad,  and 
she  was  sold  to  I*'rancc.  This  ship  was  called  the  Dunder- 
berg,  but  was  rechristencd  the  Rochambeau  after  her  sale. 
She  was  a  long  and  powerful  ram,  laying  low  in  the  water, 
but  with  a  high  shot-proof  casement  amidships  for  the 
working  of  the  guns.  The  extreme  length  was  380  feet, 
the  beam  of  the  hull  on  the  plank-sheer  59;i  feet,  the 
beam  over-all  above  72^  feet,  and  the  depth  of  hold 
amidships  22^  feet,  with  a  casemate  7>:J  feet  high 
inside  superimposed.  The  portion  of  the  bow  which 
formed  the  ram  was  50  feet  in  length.  Mr.  Webb  gave 
this  ship  an  almost  perfectly  flat  floor,  so  as  to  gain  the 
largest  possible  displacement.  The  dead  rise  was  only 
4  inches.  The  hull  was  massively  built  of  wood  with 
armor  above  of  4'^-inch  iron.  The  frames  were  spaced 
3  feet  apart  and  molded  over  the  keel  17  inches,  at  the 
floor  heads  14  inches,  above  the  bilge  13  inches,  and 
at  the  plank-sheer  9  inches.  The  sides  of  the  casemate 
were  3  feet  thick,  and  were  set  at  a  slope  of  35^  to  com- 
pel the  glancing  of  shot.  A  thousand  tons  of  iron  were 
used  in  the  armor,  and  the  displacement  was  about  6.900 
tons.  This  weight  was  carried  on  21  feet  draught.  The 
ship  engines  (two  in  number),  were  built  by  John  Roach 
&  Son,  and  developed  5.000  horsepower,  giving  a  speed 
of  15;V4  miles  per  hour.  This  ship  registered  5,090  tons, 
and  was  the  fastest  armed  steamer  in  the  world  at  that 
time. 

Another  instance  of  the  enterprise  of  private  builders 
during  the  Civil  War  period  is  found  in  the  construction 
of  the  vessel  known  as  the  Stevens  Battery.  This  vessel 
was  designed,  financed,  and  partially  completed  by  the 
celebrated  American  engineer,  John  Stevens,  with  the  idea 
of  presenting  it  to  the  U.  S.  Government  on  behalf  of 
the  State  of  New  Jersey.  The  war  ended,  however,  before 
the  completion  of  the  vessel. 

It  was  remarkable  in  that  many  of  the  present-day 
features  of  war  vessels  were  included  in  the  original  de- 
sign. The  battery  was  of  the  all-gun  type,  that  is  the  guns 
all  of  the  one  calibre,  with  bow,  stern  and  broadside  fire. 
The  arrangement  of  the  machinery  was  for  twin  screws. 
The  armor  was  worked  with  inclined  sides  and  the  rudder 
was  of  the  balanced  type,  almost  identical  with  the  after- 
wards celebrated  Biles-Thomson  type.  After  the  war,  the 
State  of  New  Jersey,  to  which  the  vessel  was  willed  by 
Mr.  Stevens,  attempted  to  finish  it,  and  Gen.  Geo.  B. 
McClellan  was  put  in  charge  of  the  construction.  Many 
changes  were  made  in  the  original  design,  and  finally  the 
cost  becoming  so  great  the  project  was  abandoned,  and 
the  vessel  broken  up. 

Philadelphia,  from  its  nearness  to  the  iron  and  coal 
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mines  and  from  the  remarkable  development  of  the  iron- 
manufacturing  industry  in  the  towns  lying  back  of  and 
around  her,  has  always  enjoyed  a  great  advantage  in  iron- 
ship  building.  The  city  had  a  large  number  of  engine- 
building  works,  and  was  exceptional  in  the  cheapness  of 
her  iron,  and  coal.  It  was  natural  that  she  should  take 
a  lead  in  iron-ship  building  the  moment  the  industry  had 
reached  a  jioint  where  the  price  of  material  and  conven- 
ience of  access  to  rolling  mills  nearby  should  begin  to  tell. 

It  has  already  been  noted  that  the  first  iron  vessel 
in  America  was  a  light  draught  river  boat,  which  was 
launched  in  1838  for  use  upon  the  Susquehanna.  In  the 
thirty  years  following  1825  quite  a  number  of  small  iron 
vessels  were  built  in  the  city — steamboats,  revenue  cut- 
ters, etc..  I.  P.  Morris,  James  T.  Sutton  &  Co.,  and 
Neatie  and  Levy  building  from  time  to  time,  the  hulls 
being  designed  and  laid  down  on  the  mold  loft  floor  by 
practical  ship  carpenters.  It  docs  not  appear,  however, 
that  the  product  of  the  industry  was  so  large  and  im- 
portant as  that  at  New  York  until  after  the  beginning 
of  the  war  of  1861. 

The  outbreak  of  hostilities  was,  however,  a  signal  for 
preparations  in  Philadelphia  for  large  ships.  William 
Cramp  fitted  up  at  once  his  wooden  shipyard  ( where,  since 
IKK),  he  had  built  106  vessels)  with  machinery  for  the 
handling  of  iron  plates  and  frames.  His  first  vessel  was 
the  United  States  man-of-war  New  Ironsides,  of  3.000 
tons,  230  feet  long  and  56  feet  beam,  which  was  a  strong 
wooden  ship,  iron  clad  above  the  water.  She  was  built 
before  the  vard  had  heen  fully  fitted  up  with  machinery, 
and  the  armor  plates  were  purchased  from  another  con- 
cern. When  the  contract  was  made  the  timber  for  her 
frame  was  still  growing  in  the  woods;  yet  in  six  months' 
time  she  was  launched  and  on  her  way  to  Charleston.  Mr. 
Cramp  afterward  built  the  monitor  Yazoo,  the  steamer 
Chattanooga,  and  a  number  of  transports,  and  did  a  large 
amount  of  other  government  work. 

Meanwhile  he  was  steadily  improving  the  plant  of  the 
yard,  and  after  the  war  it  became  one  of  the  great  ship- 
building concerns  of  the  United  States. 

THB   CRAMP  AHD   MERCHANT   SHIPBUILDING    YARDS  AFTER 
THE  CLOSE  OF  THE  CIVIL  WAR 

The  needs  of  the  coasting  trade  were  carefully  con- 
sidered, and  a  numlxr  of  small  iron  steamers  and  tugs 
were  built  at  the  yard.  Two  steamships  were  built  tor  the 
Clyde  Line,  and  then  in  1872  Mr.  Cramp  obtained  the 
contract  to  build  four  steamers  for  the  new  American 
Line  to  Liverpool,  of  3,016  tons  each,  at  a  total  cost  of 
52,400,000.  These  boats  made  the  reputation  of  the 
yard,  and  there  being  then  no  American  steamers  in 
the  trade  from  the  United  States  to  Europe,  it  was 
deemed  important  to  construct  them  in  good  style  as 
specimens  of  American  workmanship.  They  were  mod- 
eled long  and  narrow,'  with  fine  bows  and  runs  and 
slightly  hollow  waterlines.  The  dimensions  of  each 
were :  Length  over  all.  355  feet ;  breadth  of  beam,  43 
feet;  depth  of  hold.  35  feet.    Decks,  3  in  number;  2 
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masts.  Each  ship  was  supplied  with  two  compound 
1800-horsepower  engines,  with  57  to  90-inch  cylinders, 
having  4-foot  stroke,  and  a  16-foot  wheel.  The  ships 
were  completed  in  1873,  and  proved  fast,  smart,  and 
strong  vessels;  their  speed  was  13  miles  an  hour.  As 
passenger  boats  they  fully  answered  all  expectations; 
their  average  time  from  Cape  Henlopen  to  (jueens- 
town  was  9'/2  days,  and  on  the  return  10  days  2  hours. 
Each  carried  100  cabin  and  800  steerage  passengers, 
1,740  tons  of  cargo,  and  720  tons  of  coal  on  20J4  feet 
draught  of  water.  The  export  trade  to  Europe  now 
requires  steamers  of  immense  size  and  capacity  with 
great  speed,  but  in  the  day  when  they  were  built,  Un- 
American  boats  did  all  that  was  demanded  of  them. 

In  1872  Mr.  Roach  bought  a  large  property  at  Chester, 
formerly  the  property  of  Reaney,  Son  &  Archlnild,  and 
developed  there  a  great  iron  shipyard,  his  first  vessel  being 
launched  in  1873.  It  was  always  a  busy  yard,  producing 
regularly  not  less  than  four  and  sometimes  as  many  as  ten 
large  class  steamers  a  year,  and  is  still  busy  in  the  hands 
of  the  Merchant  Shipbuilding  Company. 

The  success  of  this  yard,  like  that  of  William  Cramp  & 
Sons,  has  been  due  to  qualities  on  the  part  of  its  founder 
which  have  characterized  the  leading  shipbuilders  of 
America  jn  a  marked  degree — energy,  fertile  minds,  and 
remarkable  ingenuity  in  adapting  vessels  to  the  trade  in 
which  they  were  to  be  employed.  A  special  study  would 
Ik'  made  of  the  kinds  of  cargoes  carried  by  the  vessels 
in  a  particular  coasting  route,  and  an  idea  would  be 
formed  of  a  ship  which  would  carry  more  of  the  given 
varieties  of  goods  on  a  lighter  draught  of  water,  and  at  a 


faster  rate  of  speed  than  the  vessels  already  in  the  trade. 
This  idea  would  be  worked  out  in  a  ship,  in  which  the 
builder  would  take  perhaps  a  quarter  interest,  in  order  to 
show  his  confidence  in  it. 

The  vessels  built  at  Chester  include  many  of  note. 
The  City  of  I'ekin  and  the  City  of  Tokio  ran  for  a  long 
time  from  San  Erancisco  to  China,  and  were  large  car- 
riers of  cargo  and  small  burners  of  coal.  The  Para  and 
the  Rio  de  Janeiro  were  the  builder's  own  venture  in  the 
way  of  a  line  of  steamships  to  Brazil,  in  which  trade  they 
ran  for  three  years,  being  then  withdrawn  and  sold  to  the 
Pacific  Mail  Company.  All  of  the  coasting  steamers  have 
long,  sharp  wedge-like  bows,  good  runs,  and  easy  lines, 
and  have  l>cen  remarkable  for  their  sjiecd,  light  draught, 
and  cargo-carrying  power. 


CONCLUSION 

We  have  thus  before  us  a  vivid  statement  of  the  early 
history  of  shipbuilding  of  this  country,  and  one  that  rep- 
resents the  struggles,  financial  and  otherwise,  which  en- 
abled the  master  builders  to  hold  on  under  the  most  adverse 
circumstances,  with  no  encouragement  from  National  leg- 
islation, until  the  rehabilitation  of  the  C.  S.  Navy  in  1882 
gave  such  impetus  to  the  industry  as  to  enable  shipyard* 
to  develop  and  train  men  who  are  to-day  guiding  the 
monster  shipbuilding  industry  of  the  country.  It  took 
all  the  needs  of  a  world  war  to  awaken  the  United  States 
to  the  importance  of  an  industry  it  had  allowed  to  languish 
and  almost  decay,  while  other  nations  were  forging  ahead 
with  the  stimulus  of  National  aid  and  encouragement. 
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ELECTRIC  WELDING  AS  APPLIED  TO  STEEL 
SHIP  CONSTRUCTION 


A  series  of  discussions  htld  under 
the  auspices  of  the  Electric  Welding 
Branch  of  the  Education  and  Training 
Section  of  the  V.  S.  Shipping  Board. 
Emergency  Fleet  Corporation. 


Third  Discussion. 


TIME  SAV  ING  IN  STEEL  SHIP  CONSTRUCTION  • 

By  J.  H.  ANDKRTON 
Electrical  Engineer.  American  International  Shipbuilding 


THKRE  are  a  number  of  features  involved  in  the 
application  of  welding  to  ship  construction  which  do 
not  ordinarily  apply  to  the  usual  and  normal  fields 
of  welding.  In  the  locomotive  shops  the  personnel  directly 
concerned  is  the  master  mechanic,  chief  engineer  and 
similar  officials,  who  among  themselves  decide  as  to  the 
usefulness  and  general  applicability  of  welding.  Mistakes 
are  rectified  as  the  work  proceeds  and  find  new  appli- 
cation. The  same  thing  takes  place  in  a  large  num- 
ber of  munition  shops  where  bombs,  grenades  and  similar 
munitions  are  being  successfully  welded  in  very  large 
quantities. 

The  Interests  Affecting  the  Application  of  Electric  Welding 
to  Shipbuilding. 

These  features,  however,  arc  not  so  simple  when  ap- 
plied to  the  present-day  ship  program.  Practically  all  ships 
being  constructed  in  the  United  States  at  the  present  time 
arc  directly  or  indirectly  under  the  control  of  our  Gov- 
ernment, and  the  interests  affecting  the  application  of 
welding  to  the  vessel  in  any  of  its  parts  may  be  put  a; 
follows: 

1  The  personal  interest  of  the  Yard  constructing  the 
vessel  to  see  that  all  parts  arc  securely  and  properly 
put  together,  to  the  end  that  the  vessel  shall  fmally 
reflect  full  credit  to  its  constructor.  This  is  identical 
with  the  interest  of  the  railways,  manufacturers  and 
others. 

2.  The  interest  of  the  representative  of  the  United  States 

Shipping  Board  as  representing  the  Owner,  to  the  end 
that  the  Owner  shall  receive  a  good  ship. 

3.  The  interest  of  Lloyds  Register  of  Shipping  and  the 

American  Bureau  of  Shipping,  which  are  identical. 


*  Delivered  in  the  Auditorium  of  the  Engineers'  Club.  Julv 
17.  1918. 
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Lloyds  Register  and  the  American  Bureau  of  Ship- 
ping  have  jointly  issued  a  circular  letter  embracing  a 
certain  number  of  parts  in  the  vessel  where  electric  weld- 
ing will  \k  approved.  It  is  expected  that  this  list  of  items 
will  be  added  to  as  recommendations  are  made  by  the 
various  shipyards  and  other  welding  interests,  dependent 
ii|wn  the  judgment  of  the  Classification  Societies  as  to 
their  safety.  There  are  hundreds  of  places  in  the  vessels 
which  have  not  been  sj>ecifically  embraced  in  the  list  pub- 
lished by  the  Classification  Societies,  but  which,  however, 
can  be  assumed  as  embraced  in  this  approved  list. 

When  the  welding  engineer  in  any  shipyard  decides 
that  he  sees  some  particular  operation  in  the  construction 
of  a  vessel  which  could  be  more  suitably  performed  by 
welding  than  by  the  usual  methods,  the  following  pro- 
cedure is  necessary: 

1.  The  approval  must  he  obtained  of  the  structural  engi- 

neer or  other  official  having  jurisdiction  over  such 
matters  in  genera!  at  the  Yard  concerned. 

2.  Note  must  be  made  to  see  if  (his  operation  has  been 

embraced  in  the  Classification  Societies'  list.  If 
examination  discloses  that  it  has  not  been  embraced, 
it  is  necessary  to  take  this  up  as  a  specific  item  to  be 
passed  upon  by  both  societies. 

3.  It  is  necessary  to  take  this  item  up.  in  most  cases,  with 

the  authorized  representative  of  the  L\  S.  Shipping 
Board  for  his  judgment  and  approval. 

The  writer  personally  feels  that  this  method  of  pro- 
cedure is  at  the  present  time  one  of  the  greatest  obstacles 
to  the  application  of  electric  welding  on  the  present  ship 
program,  for  the  difficulty  and  time  consumed  on  obtain- 
ing approval  upon  each  sj>ecinc  item  in  the  manner  above 
outlined  is  disheartening  and  tends  to  prevent  the  auto- 
matic operation  of  methods  which  have  proven  satisfac- 
tory in  a  large  numlicr  of  cases. 

Shipbuilders,  however,  have  been  proceeding  along 
established  lines  of  practice  for  a  great  number  of  years; 
this  practice  has  proven  itself  satisfactory  and  it  is  to 
be  expected  that  a  great  amount  of  caution  will  be  exer- 
cised on  their  part  in  the  substitution  of  any  method  for 
an  established  and  satisfactory  system. 

SPOT  WELDIItO 

W  hile  spot  welding  is  embraced  in  these  discussions 
of  the  application  of  welding  to  ships,  no  spot-welded 
parts  of  steel  ship*  have  yet  been  specifically  approved 
by  the  Classification  Societies.  One  reason  for  this  may 
be  found  in  the  fact  that  up  to  recently  large  spot-welding 
machines  were  not  very  generally  in  use  in  this  country. 
There  are,  however,  a  number  of  machines  now  in  the 
process  of  manufacture,  and  it  is  expected  that  as  experi- 
ments proceed  with  the  actual  machines  it  will  be  demon- 
strated to  all  parties  interested  that  s]>ot  welding  can 
supersede  riveting,  particularly  in  the  fabrication  shops,  to 
a  very  large  extent. 
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There  are  at  the  present  time  a  large  number  of  places 
in  vessels  where  spot  welding  can  be  applied  without  the 
necessity  of  consulting  the  Classification  Societies,  viz.: 
the  portion  of  the  construction  members  of  the  vessel 
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THE  ATTITUDE  OF  THE  DRAFTING  ROOM 

In  discussing  the  various  items,  where  welding  can 
be  applied  on  vessels,  with  the  designing  forces,  particu- 
larly the  men  in  what  is  called  "Hull  Findings,"  the  writer 
has  been  agreeably  surprised  to  note  that  these  men  are 
actually  anxious  to  rind  out  all  that  is  known  about  weld- 
ing. Looking  at  it  from  their  point  of  view  it  means, 
practically  speaking,  the  entire  absence  of  careful  dimen- 
sions for  punching  or  drilling  and  has  substituted  there- 
for something  which  is  placed  in  its  proper  position  and 
stuck  there.  The  future  of  electric  welding  as  applied  to 
ships,  will  in  the  writer's  opinion.  I)c  determined  largely 
by  the  attitude  and  general  information  and  knowledge 
which  the  designers  are  able  to  obtain  in  connection  with 
welding. 

Any  one  will  recognize  that  it  is  a  much  simpler  method 
in  making  up  details  for  vessel  construction  and  fitting? 
to  show  any  specific  item  located  on  an  assembly  drawing 
with  no  necessity  for  detailing  the  drilling  or  punching 
to  be  carried  out  in  the  shops,  when  it  is  considered  that 
in  an  ordinary  vessel  there  may  be  from  500  to  5000  of 
these  items  on  which  detailed  drilling  or  punching  could 
be  eliminated,  and  the  items  shown  on  the  assembly  draw- 
ing with  a  note  "Weld"  attached  thereto  or  the  proper 
standard  symbol  shown.  The  item  of  time  saving  in  this 
branch  alone  is  considerable.  The  same  remarks,  of 
course,  will  apply  to  all  detail  drawings  which  are  pre- 
pared for  the  fabrication  work  in  the  shops.  The  entire 
elimination  of  the  detailing,  and  the  substitution  therefor 
of  the  "Weld"  or  its  equivalent,  would  effect  the  same 
result  in  time  saving. 


which  are  not  capital  parts  of  the  ship.  Such  items  as 
crow's  nests,  smoke  stacks,  uptakes,  ventilators,  cowls 
and  stacks,  interial  ventilation  ducts,  skylight  framings, 
stair  treads  and  stringers,  certain  watertight  and  non- 
watertight  bulkheads;  and  in  fact  a  large  amount  of  this 
work  is  already  being  spot  welded,  particularly  the  parts 
of  fabricated  skylights.  Experiments  have  also  been 
made  with  spot  welding  of  watertight  doors,  and  this  is 
permissible  under  the  definite  restrictions  of  the  Classifi- 
cation Societies.  The  time  saved  by  the  full  application 
of  spot  welding  in  all  its  possibilities  to  the  parts  alone, 
not  particularly  effected  by  the  Classification  Societies,  is 
enormous. 

POINTS  EFFECTING  TIME  SAVING 

The  four  fundamental  points  which  effect  time  saving 
by  welding  in  ship  construction  are:  First,  an  intimate 
knowledge  of  and  a  proper  attitude  towards  the  applica- 
tion of  welding  by  the  designing  forces  in  the  drafting 
room;  second,  welding  equipment  in  the  shops  and  its 
flexibility  as  applied  to  the  work ;  third,  welding  equip- 
ment and  distribution  system  on  the  ways  for  the  vessels 
themselves;  and,  lastly,  good  welds  and  good  welders. 


FLEXIBILITY  OF  EQUIPMENT 

On  the  assumption  that  the  designing  engineers  are 
properly  acquainted  with  the  flexibility  and  value  of  weld- 
ing in  their  work,  the  next  step  is  to  have  on  hand  the 
proper  equipment  to  carry  out  the  work  both  at  the  ihopJ 
and  at  the  ships.  The  design  of  a  proper  layout  and  the 
purchase  of  equipment  for  use  both  at  the  ships  and  in 
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the  shops  is  in  most  cases  dependent  upon  the  local  condi- 
tions of  the  Yard  affected.  Hog  Island  Yard  has  been 
more  or  less  fortunate  in  this  respect,  since  the  plant  is 
new  and  had  not  progressed  in  construction  to  a  point 
beyond  which  it  could  not  be  changed  or  modified  to  suit 
the  conditions  required  by  electric  welding.  Since  local 
conditions  will,  in  nearly  all  cases,  govern  the  layout  of 
a  shipyard,  j>crhaps  the  best  thing  to  say  about  that  would 
be  to  describe  the  system  at  Hog  Island. 

The  general  system  at  Hog  Island  is  served  by  two 
66,000-volt.  60-cycle,  3-phase  transmission  lines  termi- 
nating in  a  central  sub-station  of  approximately  30,000 
KVA.  capacity.  Three-phase  feeders  arc  carried  from 
this  sub-station  for  lighting  and  power  on  the  3-phase, 
4-wirc  system  with  4150  volts  between  phases.  This 
permits  the  use  of  standard  2300-volt  apparatus  while 
retaining  the  advantages  of  the  4150-voIt  distributing 
system. 

In  connection  with  the  shops,  these  arc  located  ap- 
proximately three-quarters  of  a  mile  from  the  main  sub- 
station. The  group  occupies  a  space  approximately 
1500x800  feet;  a  small  sub-station  is  located  near  the 
center  of  the  group.  Power  is  stepped  down  from  4150 
volts,  3  phase  to  440  volts,  3  phase.  At  this  voltage  it 
is  used  for  all  types  of  motors  in  the  shops,  cranes  and 
one  special  case  of  direct-current  motor  generators  for 
use  with  jib  cranes.  For  welding,  440-volt  power  is  dis- 
tributed to  central  cabinets  located  at  convenient  in- 
tervals on  the  walls  of  the  shop.  These  cabinets  con- 
tain fuses  for  usually  about  six  or  seven  circuits.  From 
these  cal  >incts  conduits  are  laid  underground  to  various 
places  in  the  shop  and  terminate  in  a  440-volt  plug 
outlet.  "These  outlets  are  located  at  sufficient  intervals 
so  that  portable  welders  may  be  attached  at  any  con- 
venient place  near  the  work. 

In  the  Plate  and  Angle  Correction  shop  there  is  in 
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course  of  erection  a  very  elaborate  training  center  for 
welders.  This  center  was  installed  under  the  auspices  of 
the  Fleet  Coqwration  and  is  capable  of  training  42  weld- 
ers simultaneously.  It  is  expected  to  use  this  center  not 
only  for  training  welders  but  as  a  production  point  where 
repetition  work  can  be  advantageously  carried  out. 

The  type  of  equipment  which  can  best  be  used  in  the 
shops  is  also  somewhat  dependent  upon  the  local  condi- 
tions.   The  layout  of  Hog  Island  permits  the  use  of  either 


ONE-MAN  PORTABLE  A.  C.  TRANSFORMER  OUTFIT  FOR  ARC  WELDING 

direct-current  type  of  equipment  or  an  alternating-current 
type  from  the  same  plugs.  Either  the  direct  current  or 
alternating  current  types  of  welder  can  be  attached  to  the 
outlets  at  any  place  on  the  whole  system.  The  voltage  is 
in  all  cases,  however,  440  volts,  so  that  if  any  of  the 
resistance,  reactance,  series  type  of  equipment  is  used,  a 
transformer  is  necessary  to  reduce  the  voltage  to  a  safe 
value.  This  type  of  equipment,  as  single  portable  units, 
has  been  given  less  consideration  than  others,  due  to  the 
power  wastage. 

DISTRIBUTION  SYSTEMS 

(  uming  now  to  the  type  and  character  of  equipment 
for  u-e  on  the  vessels,  local  conditions  again  have  con- 
siderable influence.  If  the  ways  are  entirely  protected 
from  weather  greater  consideration  can  be  given  to  inst- 
able rotating  types.  If  the  ways  are  exposed  the  question 
resolve",  itself  into  one  of  several.  Portable  rotating 
machines  can  be  used  with  protective  covers;  series  re- 
sistance, reactance  type  machines  may  be  used  in  water- 
proof cases  with  low  voltage  distribution,  carried  down 
the  ways  to  a  suitable  termination.  Alternating-current 
portable  transformer  types  of  welders  can  be  used.  In 
two  of  these  cases,  that  is,  the  direct-current,  ]x>rtablc 
rotating  type  with  protective  cover  or  the  alternating  cur- 
rent type,  comparatively  high  voltage — that  is.  440  volts — 
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may  be  carried  down  the  ways  to  a  suitable  termination, 
and  the  machines  can  be  plugged  in  for  use  anywhere  on 
the  vessel. 

At  Hog  Island  we  have  carried  the  440-volt.  3- phase 
system  directly  down  the  ways  on  each  side  of  the  vessel. 
Four  outlets  have  been  provided  per  ship;  the  distance 
between  the  two  outlets  on  each  side  being  about  200  feet. 
In  this  way  it  is  possible  to  use  the  same  type  of  i>ortablc 
machines  as  is  proposed  for  the  shops,  that  is,  either 
direct  current  or  alternating  current. 

W  ithout  discussing  the  relative  merits  of  direct  cur- 
rent versus  alternating  current  as  supplied  either  to  the 
ship  itself  or  in  the  shops,  attention  is  called  merely  to  the 
fact  that  the  alternating-current  type  of  machine  which 
is  now  being  used  on  the  ships  is  light  in  weight,  can  be 
carried  by  two  men,  is  not  injured  by  any  reasonable 
abuse,  and  will,  as  we  know,  produce  satisfactory  welds. 
The  outlets  as  provided  on  the  sides  of  the  vessel  are  each 
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capable  of  accommodating  two  welding  machines;  the 
maximum  probable  load,  therefore,  at  the  present  time 
which  could  be  accommodated  per  vessel  would  be  eight. 
This  could  be  added  to  to  any  reasonable  degree  without 
great  difficulty. 

The  usual  method  of  using  types  of  machines  either 
direct  current  or  alternating  current  at  the  ship  is  to 
locate  the  welding  machine  within  a  reasonable  distance, 
say  AO  or  40  feet  from  the  440-volt  plug  outlet  which 
is  on  the  ways.  The  secondary  lead  is  then  carried  from 
that  point  anywhere  on  the  vessel.  The  method  of  hand- 
ling leads  of  this  character  about  a  vessel  for  lighting  and 
power,  air  lines,  etc.,  is  more  or  less  familiar.  The  weld- 
ing lead  is  carried  in  a  similar  manner,  one  terminal 
being  attached  to  the  hull  of  the  vessel  close  to  the  welding 
machine.  One  difficulty  with  this  method  is,  of  course,  the 
occasional  adjustment  to  the  welding  current  value.  It 


is  considered  the  helper's  duty  to  take  care  of  this  at  the 
demand  of  the  welder. 

GOOD  WELDS  AND  GOOD  WELDERS 

Good  electric  welders  have  heretofore  been  compara- 
tively scarce  due  to  the  fact  that  electric  welding  has  been 
almost  exclusively  used  in  railroad  shops  and  a  few  similar 
places.  Due  to  the  efforts  of  the  Klectric  Welding  Com- 
mittee, it  is  expected  that  there  will  be  a  sufficient  number 
of  trained  welders  in  the  very  near  future  to  carry  out 
practically  any  program  which  may  be  devised.  Upon 
the  men  turned  out  by  the  Training  Center  of  the  Emer- 
gency Fleet  Corporation  depends  to  quite  a  large  extent 
the  future  of  electric  welding.  So  many  so-called  welds 
have  been  presented  to  men  unacquainted  with  the  art, 
which  have  subsequently  proven  of  absolutely  no  value, 
that  the  importance  of  good  welders  cannot  be  over- 
estimated. The  writer  personally  has  seen  sufficient  to 
indicate  that,  provided  good  welders  can  be  obtained,  good 
ships  can  unquestionably  be  produced. 

The  illustrations  indicate  some  of  the  welding  which 
can  be  done  in  practically  all  shipbuilding  yards.  These 
sketches  arc  more  particularly  applicable  to  the  present 
"A"  ships  at  Hog  Island,  the  drawings  for  which  had 
been  quite  largely  completed  and  the  work  placed  in  the 
fabricating  shops  previous  to  the  formation  of  the  Klectric 
Welding  Committee  The  result  is  that  a  large  amount  of 
labor  had  already  been  performed  on  these  drawings 
and  nothing  was  to  be  gained  by  substituting  welding, 
except  in  a  few  special  cases  where  partial  fabrication 
had  to  be  done  on  the  vessel  itself.  In  the  case  where 
holes  have  been  drilled  or  punched  in  the  shop,  but  where 
companion  holes  have  to  be  made  on  the  ship,  the  latter 
are  being  eliminated,  the  parts  welded  together,  and  the 
holes  tilled  with  welded  material.  In  most  cases  this  can 
be  done  at  less  than  half  the  cost  and  time  required  to  drill 
the  holes.  It  is  expected  on  the  "B"  vessels  that  prac- 
tically all  of  the  items  shown  in  the  illustrations  will  be 
welded  and  designed  as  such,  with  most  likely  a  very 
large  increase  in  their  number. 

The  principal  object  of  these  sketches  is  to  give  an 
idea  of  the  general  parts  where  welding  can  l>c  advan- 
tageously applied  now.  The  direct  question  of  how 
much  time  can  be  saved  by  welding  methods  as  against 
the  usual  construction  is,  of  course.  dci>cndcnt,  first,  upon 
the  number  of  items  welded,  and,  second,  the  character  of 
the  parts  welded.  Assuming  the  cost  of  labor  to  be  the 
same  per  hour,  and  the  power  required  for  welding  as 
equal  to  the  power  taken  by  the  air  or  electric  drill  which 
normally  would  be  used,  it  may  be  said,  in  general,  that 
the  time  saving  effected  by  welding  the  types  of  equipment 
which  are  shown  in  these  illustrations  would  be  not  less 
than  70  per  cent,  of  the  time  usually  taken  by  old-estab- 
lished methods.  The  above  figure,  of  course,  is  not 
intended  to  apply  to  a  completely  welded  ship. 
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Fourth  Discussion. 
THE  COVERED-ELECTRODE  PROCESS* 

By  E.  C.  R1GBY 
Vice  President.  Qoa»i-Arc  Weldlrode  Company 

THOUGH  the  covered-electrode  process  for  electric 
welding  was  established  a  couple  of  years,  and  mak- 
ing steady  progress  in  industrial  manufactures  and 
gradually  making  its  way  into  the  shipyards,  it  was  not 
until  after  1914,  when  the  great  war  started  and  our  dock- 
yards commenced  to  fill  with  damaged  steamers  and  naval 
units  crippled  in  their  riveling  and  caulking  as  the  result 
of  vibration  from  gunfire,  that  the  possibilities  of  electric 
welding  as  a  means  for  their  rapid  and  effective  repair 
came  to  be  realized.  It  was  first  taken  up  by  the  Royal 
Naval  Dockyards,  in  a  tentative  way,  but  its  successful 
application  has  now  made  it  a  most  important  part  of 
every  naval  and  private  dockyard  and  shipbuilding  plant. 
New  and  extended  applications  arc  coming  into  use  every 
day.  It  was  the  writer's  privilege  to  be  associated  with 
I  he  work  during  this  period,  so  gaining  an  experience  that 
would  not  otherwise  have  been  possible,  ranging  from  the 
welding  of  a  battleship's  cast-stcel  stern  frame,  weighing 
upwards  of  190  tons,  broken  in  the  launching,  to  the  ordi- 
nary everyday  jobs  of  welding  angle-iron  staples. 

In  the  English  shipyards  the  covered-electrode  process 
has  been  largely  adopted  for  repairs  of  all  kinds,  in  con- 
junction with  the  usual  methods  of  rivetting  and  smithing, 
for  welding  inside  and  outside  seams  for  watertightness 
in  place  of  caulking,  reinforcing  corroded  plates  in  ships' 
bottoms,  for  oil  tanks,  bulkheads,  cutting  holes  and  weld- 
ing studs  in  armor-plating  for  the  attachment  of  bulges 
giving  protection  against  torpedo  attack. 

In  new  construction  work  it  has  included  the  entire 
welding  of  sea-going  hulls  in  place  of  riveting.  In  this, 
however,  the  way  is  being  carefully  felt,  since  the  work 
is  only  in  the  initial  stages  and  so  far  has  been  confined 
to  the  building  of  cross-channel  barges  of  large  size  used  in 
carrying  munitions  to  France.  The  first  of  these  boat.' 
was  launched  on  July  11,  1918,  and  was  welded  through- 
out by  the  covered-electrode  process,  no  rivets  being  used. 
From  the  experience  and  confidence  gained  in  this  way 
designs  will  be  made  for  more  important  ship  construc- 
tions, but  welding  engineers  are  still  of  opinion  that  the 
time  has  not  yet  arrived  when  it  would  be  safe  to  weld 
throughout  a  ship  of  any  size.  It  is  confidently  exacted 
by  prominent  Naval  architects  that  the  cost  of  material 
and  labor  in  building  a  ship  will  be  reduced  by  some  20 
per  cent,  when  this  time  arrives.  Even  now  10  to  15 
j>er  cent,  can  be  saved  by  using  welding  to  the  maximum 
of  the  limits  already  known  to  be  safe. 

All  the  large  munition,  engineering  and  steel  plant* 
of  England  use  electric  welding  for  repairs  and  for  making 
good  defective  and  fractured  castings;  for  welding  the 

*  Delivered  in  the  Auditorium  of  the  Engineers'  Club  of  Phila- 
delphia. AuKtist  24,  1918. 
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seams  of  buoys,  submarine  mines,  aerial  torpedoes,  bombs, 
shells,  etc.  In  this  connection  hundreds  of  women  are 
now  engaged  in  welding  by  hand  and  automatic  machinery, 
and  similar  methods  have  now  been  adopted  here  in  this 
country. 

The  excellence  of  the  work  done  by  the  cuvercd- 
clcctrode  process  and  the  results  of  the  many  tests  and 
experiments  carried  out  by  the  British  Admiralty  and 
shipbuilders  with  it,  has  resulted  in  the  authorities  of 
Lloyd's  Registry  taking  the  matter  up,  and  they  are  at  the 
present  time  engaged  in  making  an  elaborate  series  of 
tests  and  experiments  with  a  view  to  determining  its 
further  application  to  the  welded  construction  of  ships, 
boilers,  etc.  These  tests  have  now  been  proceeding  for 
over  six  nionths,  and  it  is  hoped  that  the  results  will 
shortly  be  available  and  that  a  more  liberal  policy  towards 
welding  will  then  be  adopted  by  the  classification  authori- 
ties. 

In  the  course  of  these  experiments  they  nave  confirmed 
the  conclusions  the  welding  engineers  had  reached  by 
actual  experience,  and  it  was  found  that  the  usual  standard 
tension  methods  of  testing  welding  were  of  little  practical 
value,  when  considering  the  reliability  of  welding  in  con- 
nection with  ship  construction,  where  the  stresses  are 
almost  wholly  of  a  continuous  alternating  nature.  It  has 
long  been  established  that  metals,  and  particularly  welds, 
will  break  under  alternate  stress  at  very  much  less  than 
their  elastic  limits  under  cither  tension  or  compression 
Welds,  which  arc  hard  and  brittle,  and  which  have  little 
or  no  elasticity,  arc  manifestly  not  suitable  to  withstand 
stresses  of  this  nature,  or  to  withstand  the  shock  stresses 
which  often  may  be  due  to  collisions  or  falling  weights, 
which  permanently  strain  the  structure  beyond  its  elastic 
limits.  Tests  are  now  being  devised  by  the  Classification 
authorities,  and  it  is  expected  that  they  will  insist  that  at1 
welding  processes  and  welding  material  to  be  used  in  ship- 
building shall  be  material  or  methods  approved  by  them 
as  having  passed  their  tests.  The  requirements  will  prob- 
ably be  a  reasonable  resistance  to  breakage  by  alternate 
stressing,  and  that  the  welds  shall  withstand  the  shock  of 
a  weight  dropped  from  a  height  sufficient  to  permanently 
deflect  the  joint  without  cracking  it ;  and  the  sooner  indis- 
criminate welding  with  any  old  material  or  operative  is 
stopped  the  better  it  will  be  for  all  concerned.  Hitherto, 
because  of  the  poor  results  obtained  by  former  methods, 
they  have  disallowed  the  use  of  autogenous  or  fusion 
welding  in  any  joints  carrying  tensile  stresses,  while  per- 
mitting it  in  some  places  not  coming  under  stress,  or  where 
a  failure  in  the  weld  would  not  be  vital. 

The  wider  adoption  of  electric  welding  in  shipbuild- 
ing, wherever  it  can  now  be  usefully  employed,  is  a  matter 
of  supreme  importance  at  the  present  time  when  the  de- 
mand for  tonnage  is  so  great  and  urgent.  In  addition  to 
the  large  reduction  in  weight  of  material  for  a  given 
strength  due  to  dispensing  with  the  angle  frame  attach- 
ments, laps  and  rivets,  there  is  an  important  econotnv  in 
the  lighter  weight  of  plating  which  may  be  used  owing 
to  the  fact  that  joints  or  seams  of  greater  efficiency  can 
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be  made  by  welding.  It  also  brings  in  its  train  a  reduction 
of  the  necessary  man  power  connected  with  the  skilled 
trades  in  punching,  rivetting,  caulking  and  smithing,  and 
a  large  saving  in  time  and  plant  equipment  as  compared 
with  present  methods  of  construction. 

ADVANTAGES  OF  ELECTRIC  WELDIHO 

The  superiority  of  electric  welding  over  gas  and  fire 
welding  is  consequent  upon  the  extremely  localized  char- 
acter of  the  heat  generated  by  the  electric  arc,  thereby 
resulting  in  a  smaller  area  of  the  disturbance,  and  also 
in  the  elimination  of  the  necessity  for  any  pre-hcating 
of  the  work  to  be  welded.  The  difficulty  of  localizing  the 
heat  in  gas  welding  is  liable  to  lead  to  imperfect  welding 
at  certain  places  of  junction,  owing  to  such  places  not 
having  been  brought  to  a  welding  tcrm<erature ;  and  has 
the  further  disadvantage  (owing  to  the  wide  area  over 
which  the  heat  is  diffused),  that  the  welds  are  usually  lef; 
in  a  condition  of  greater  stress,  due  to  the  contraction  of 
the  cooling  metal. 

DEFECTS  OF  FORMER  ELECTRICAL  METHODS 

Fusion  welding  by  electrical  energy  has  been  hitherto 
effected  either  by  means  of  the  carbon  arc  or  by  using 
plain  iron  rods  as  electrodes.  Such  welds  arc  frequently 
deteriorated  by  pitting,  due  to  the  particles  of  slag  which 
is  formed  in  the  fusion,  adhering  to  the  surfaces,  and 
oxidation  due  to  the  fused  metal,  exposed  to  the  atmos- 
phere, absorbing  oxygen  which  reacts  and  combines  with 
the  carbon  in  the  steel  to  form  gas,  and  with  iron  to  form 
oxide,  resulting  in  brittleness  and  porosity  and  breaking 
up  the  structure  of  the  metal. 

The  importance  of  forming  a  joint  which  contains  no 
trace  of  oxide  is  so  great  as  to  deserve  particular  emphasis. 
Not  only  docs  the  presence  of  oxide  greatly  reduce  the 
strength  of  the  weld  and  destroy  its  elastic  limits,  but 
it  renders  the  joint  peculiarly  liable  to  corrosion,  and  in 
view  of  the  importance  which  the  subject  of  corrosion 
bears  to  that  of  welding,  especially  in  shipbuilding  or  ex- 
posed joints,  the  following  points  are  of  interest  : 

1.  Fundamentally  corrosion  is  electrolytic  in  character 
and  depends  on  the  difference  in  potential  of  contiguous 
areas. 

2.  Commercial  iron  and  steel  contain  areas  which  in 
the  presence  of  ah  electrolyte  (which  may  be  merely  at- 
mospheric moisture)  arc  capable  of  forming  voltaic  cir- 
cuits, the  necessary  conditions  being  afforded  by  the  pres- 
ence of  small  particles  of  impurities,  or  by  local  conditions 
of  strain  in  the  metal  itself. 

3.  These  impurities  or  strains  give  rise  to  areas  of 
higher  electrolytic  potential,  and  form  the  electro-positive 
points  which  are  first  attacked  by  the  corroding  agent. 
Thus  in  a  caulked  joint  corrosion  will  commence  at  the 
caulking,  and  similarly  a  ri vetted  joint  will  be  attacked 
around  the  rivet  head,  owing  to  the  local  strains  in  the 
metal  at  these  points. 

4.  In  a  welded  joint,  if  the  metal  at  the  weld  be  less 
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pure  than  the  surrounding  metal,  the  weld  will  be  first 
attacked.  Similarly,  if  the  added  metal  be  not  homo- 
geneous, local  differences  in  potential  in  the  weld  itself 
will  cause  corrosion  at  the  weld. 

COVEREDILECTRODB  PROCESS 

This  process  is  entirely  different  in  method  and  result 
from  the  Bare-Wire-Metallic,  or  carbon-arc  fusion  pro- 
cesses. It  is  more  rapid  and  perfect,  owing  to  the  fact 
that  the  heat  introduced  into  the  weld  is  automatically 
governed  by  the  nature  of  the  speciat  electrode,  the  cover- 
ing of  which  in  the  solid  state  is  a  non-conductor,  and  in 
its  molten  state  a  good  conductor  of  electric  current.  As 
a  secondary  conductor  the  slag  automatically  maintains 
electrical  connection  between  the  work  and  the  metallic  arc 
of  the  electrode,  serving  to  confine  and  maintain  the  direc- 
tion and  length  of  the  arc,  thus  necessitating  less  skill  on 
the  part  of  the  operator  to  hold  a  continuous  arc. 

In  operation,  electrical  contact  is  made  by  touching 
the  work  with  the  end  of  the  electrode  held  vertically,  thus 
allowing  current  to  pass  and  an  arc  to  form.  The  elec- 
trode, still  kept  in  contact  with  the  work,  is  then  dropped 
to  an  angle,  when  the  arc  is  immediately  destroyed,  owing 
to  the  special  covering  passing  into  the  igneous  state.  The 
action  once  started,  the  electrode  melts  at  a  uniform  rate 
so  long  as  it  remains  in  contact,  and  leaves  a  seam  of  metal 
perfectly  diffused  into  the  work,  the  covering  material 
forming  a  slag,  floats,  and  spreads  over  the  surface  of  the 
weld  as  it  is  made. 

COVERED  ELECTRODES 

These  electrodes  are  composed  of  a  metallic  core,  with 
a  covering  of  blue  asbestos  yam,  which  is  a  ferrous 
silicate,  and  in  fusing  acts  as  a  reducing  agent,  and  by 
excluding  the  atmosphere  from  the  fused  metal  effectually 
prevents  oxidation  of  the  deposited  metal.  The  yarn  is 
coated  with  sodium  silicate,  aluminum  silicate,  or  the  like 
to  vary  the  fusing  temperature  of  the  asbestos  yarn. 

This  covering  forms  a  fusible  insulating  casing  around 
the  metal  core  of  such  thickness  that  the  metal  core  is 
supported  by  it,  when  in  contact  with  the  work,  at  the 
proper  distance,  and  thus  to  a  large  extent  eliminates  the 
factor  of  manual  dexterity  in  maintaining  an  arc  of  the 
proper  length  while  the  electrode  is  fusing.  In  addition 
to  the  fusible  insulating  covering,  the  electrode  has  com- 
bined with  it  a  small  quantity  of  a  different  metal  capable 
of  exerting  a  strong  reducing  action,  that  is  a  metal  such 
as  aluminum  having  a  strong  affinity  for  oxygen  at  the 
temperature  at  which  the  welding  t?kes  place. 

Aluminum  is  admirable  for  the  purpose,  and  is  applied 
in  the  form  of  a  fine  wire  wrapped  in  the  blue  asbestos 
covering.  The  aluminum,  as  it  fuses  with  the  metallic 
core  of  the  electrode,  absorbs  the  small  amount  of  oxygen 
which  may  be  present  in  ihe  slag,  and  so  prevents  oxida- 
tion of  the  fusing  metals.  The  aluminum  formed  readily 
combines  with,  and  passes  away  with,  the  slag,  and  so 
produces,  in  the  hands  of  a  competent  welder,  a  homo- 
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geneous  dqxwit  in  the  weld.  Owing  to  its  reducing  action, 
it  also  preserves  to  a  considerable  extent  the  original 
carbon  content  of  the  steel  from  the  oxidation  which 
usually  occurs  in  fusion. 

CUTTING  WITH  COVERED  ELECTRODES 

Steel  plates  or  castings  can  be  readily  cut  by  the  elec- 
trodes and  this  feature  is  exceedingly  useful  when  the 
oxygen  blowpipe  is  not  available.  The  method  of  pro- 
cedure is  to  take  a  mild  steel  electrode,  dip  it  in  water, 
and  with  a  relatively  high  current,  apply  the  point  of  the 
electrode  to  the  plate  or  piece  to  be  cut.  The  jwint  of  the 
electrode  must  be  moved  quickly  up  and  down  through 
the  thickness  of  the  plate,  and  the  molten  metal  allowed 
to  drop. 

THE  EQUIPMENT  FOR  COVERED-ELECTRODE  WELDING 

The  equipment  for  this  process  of  arc-welding  is  very 
simple  and  relatively  inexpensive.  Any  source  of  current 
supply  cither  A.  C  or  D.  C  at  a  pressure  of  100-110 
volts  may  be  utilized,  and  the  maximum  amount  of  cur- 
Tcnt  used  by  any  one  operator  will  not  exceed  200  amperes 
for  the  heaviest  welding  or  cutting  operations. 

THE  NECESSITY  FOR  TRAINING  OPERATORS 

The  rapid  and  wide  adoption  of  electric  welding  in 
England  and  France,  as  also  in  this  country,  brought  about 
by  the  necessities  of  the  war  situation,  has  led  to  a  great 
demand  for  o|>erators.  and  the  irregular  quality  of  the 
work  produced,  as  the  result  of  improper  methods  of 
preparation,  and  of  employing  partially-trained  workmen, 
directs  attention  to  the  reason  why  electric  welding  has 
been  so  long  in  taking  the  prominent  place  in  construc- 
tional work  which  its  merits  deserve. 

Hitherto  it  has  been  the  practice  to  hold  out  the 
statement  that,  by  adopting  electric  arc  welding,  any 
handy  man  could  do  this  welding  work.  While  this  may 
he  true  as  regards  some  class  of  work  more  or  less  auto- 
matic, it  certainly  docs  not  apply  to  such  work  as  is 
found  necessary  in  shipbuilding,  or  the  welding  required 
in  the  general  and  repair  work  of  an  engineering  work- 
shop. There  has  been  no  recognized  trade  of  electric 
welding  and  no  proper  means  of  instruction  for  electric 
welders. 

In  the  case  of  gas  welding,  which  hitherto  has  had 
the  field  almost  to  itself,  the  trade  has  been  better 
organized,  and  some  attention  has  been  paid  to  properly 
instructing  workmen,  and  literature  on  the  subject  is 
plentiful. 

In  electric  welding,  however,  it  was  usual  to  buy  an 
outfit,  turn  it  over  to  a  handy  man  and  expect  him  to  turn 
out  good  work,  right  from  the  start,  without  instruction. 
If  he  failed,  electric  welding  methods  got  the  blame,  and 
the  outfit  was  put  aside.  This  is  the  case  even  to-day. 
Welding  with  the  electric  arc  is  a  trade  of  some  skill, 
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and  requires  both  practice,  to  acquire  the  manual  dex- 
terity to  manipulate  it  properly,  and  instruction  in  the 
proper  use  of  the  apparatus  employed,  and  the  control 
and  regulation  of  the  current  necessary  to  perform  any 
given  piece  of  work.  Both  the  size  of  the  electrode  used 
and  the  mass  of  the  work  will  vary  in  different  jobs,  thus 
necessitating  different  current  flows  and  amounts  of  heat, 
as  well  as  different  methods  of  preparing  the  work,  with 
all  of  which  the  o|>erator  should  be  familiar. 

Such  knowledge  is  only  elementary,  but  it  is  very 
necessary,  to  enable  the  operator  to  make  any  intelligent 
use  of  electric  welding.  Klectric  welding  requires  not 
only  skill,  but  also  a  great  deal  of  practice  and  experi- 
ence; and  it  is  just  as  sensible  to  expect  a  handy  man  to 
do  consistent  work  with  it,  without  instruction  and  prac- 
tice, as  to  put  the  same  man  to  a  blacksmith's  fire  and 
c.\|>ect  him  to  make  first-rate  forgings  at  the  first  attempt. 

Failures  are  not  always  the  fault  of  the  workman ;  it 
is  just  as  necessary  to  provide  him  with  proper  appliances 
and  proper  electric  current  conditions,  as  to  provide  the 
blacksmith  with  a  suitable  forge,  fire  and  fuel.  The  writer 
has  frequently  been  called  to  yards,  even  in  this  country, 
where  complaints  have  been  made  that  the  welding  was 
not  satisfactory,  and  found  that  the  trouble  was  wholly 
because  the  proper  current  conditions  had  not  been  pro 
vided.  In  one  late  case  here,  where  a  maximum  of  110 
volts  was  stipulated,  the  current  was  found  to  be  220  volts, 
and  in  addition  the  circuit  was  so  overloaded  that  only 
the  smallest  diameter  electrodes  could  be  fused,  and  that 
only  intermittently.  One  might  just  as  well  expect  his 
blacksmith  to  weld  6-inch  angles  and  give  him  a  rivet- 
heating  fire  to  work  with. 

Soon  welding  by  means  of  the  electric  arc  will  sujkt- 
sede  many  of  the  riveted  applications  of  to-day ;  and 
designers  of  ships  and  structural  work  will  re-arrange 
their  details  to  suit  it,  so  soon  as  they  have  confidence 
that  they  can  get  operators  able  to  make  consistently  good 
welded  work  that  compares  favorably  with  the  results  of 
the  tests  and  experiments  that  have  already  been  carried 
out. 

In  Great  Britain  these  facts  are  now  being  recognized 
Most  of  the  large  shipyards  and  electric-welding  com- 
|>anics  have  arranged  special  classes  and  training  shops 
to  give  men  proper  instruction  and  practice  under  com- 
petent welders  before  sending  them  out  to  do  work  in  the 
yards.  It  usually  takes  three  or  four  weeks  to  acquire  the 
necessary  skill  to  handle  the  electrode  properly  in  the  vari- 
ous positions  in  which  the  operator  will  be  called  upon  to 
work,  and  sometimes  longer  to  acquire  enough  experience 
to  know  whether  the  work  he  is  doing  is  sound  or 
otherwise. 

CONDITIONS  REQUIRED  FOR  GOOD  WELDING 

The  idea  at  present  seems  to  be  fairly  prevalent  that 
the  principal  value  of  electric  welding  in  a  shipyard  is  to 
cover  up  mistakes,  and  that  it  can  be  used  to  make  an 
efficient  welded  joint  no  matter  what  its  shape  or  width 
may  be,  so  long  as  there  is  a  crack  or  gap  into  which 
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metal  can  be  melted.  This  is  fallacious  and  should  be 
discouraged.  As  an  instance,  we  were  lately  asked  by 
the  foreman  of  the  welders  in  a  shipyard,  to  whom  we 
were  making  a  demonstration  of  our  plant,  to  weld  up  a 
gap  left  by  a  shortage  between  two  plates,  which  he  had 
filled  up  by  jamming  a  row  of  punch  burrs  into  the  gap, 
and  when  we  objected  he  told  us  "that  is  the  way  we  do 
it."  Slipshod  methods  of  this  kind  will  have  to  go.  if 
electric  welding  is  to  be  recognized  as  an  essential  part 
of  the  shipbuilding  industry,  and  the  inspectors  of  the 
Classification  Societies  are  doing  good  work  by  their  con- 
servative attitude  while  this  state  of  affairs  exists. 

Long  seams  and  joints  such  as  are  necessary  in  welded 
ship  construction,  require  careful  consideration  by  the 
engineer,  who  will  study  the  effects  of  expansion  and  con- 
traction and  make  provision  for  it.  Mechanically,  such  a 
seam  i-  only  a  matter  of  careful  intelligent  assembly,  just 
as  is  required  for  riveting;  the  edges  of  the  joining  plates 
must  be  prepared  to  shape  with  the  same  accuracy  and 
care  as  the  rivet  holes  now  are;  the  various  parts  must 
be  assembled,  with  the  meeting  edges  of  the  plates  in  the 
positions  they  are  to  occupy  permanently,  by  means  of 
an  ample  number  of  temjMirary  service  bolts,  hcok  bolts, 
male  brackets  or  the  like,  exactly  in  the  same  way  as  for 
rivetting.  The  holes  required  for  the  assembly  will  be 
filled  up  with  studs  welded  in  after  the  seam  weld  is 
completed. 

When  the  assembly  is  complete,  the  plates  should  be 
tacked  together  at  intervals  by  short  welds,  particularly 
at  the  ends,  and  to  any  frames  with  which  they  are  to 
connect.  The  seam  should  be  welded  first  along  the  bot- 
tom of  the  V  with  a  small  electrode  and  filled  up  after- 
wards with  one  or  more  runs  of  welding  as  may  be 
required.  The  assembly  holts  should  be  left  in  position 
wherever  possible  till  the  weld  i<  completed.  The  weld 
should  be  insj>ected  l>etwecn  each  run  of  welding,  and 
any  bad  or  doubtful  places  cut  out  with  a  diamond-pointed 
air  chisel  before  the  next  layer  is  put  down.  This  gives 
a  check  on  the  welder  as  well  as  his  work. 

THE  APPLICATION  OF  ELECTRIC  WELDIHC  IH  SHIP 
CONSTRUCTION 

When  autogenous  welding  was  first  introduced  it  was 
doubtless  thought  that  it  could  replace  without  further 
difficulty  the  existing  methods  of  connecting  plates  and 
so  forth  by  rivets.  Autogenous  welding,  however,  either 
with  a  hot  Hame  or  with  electrodes  has  been  known  in 
practice  now  for  a  great  many  years,  and  its  applications 
have  become  very  varied,  but  still  it  has  not  yet  displaced 
the  method  of  riveting  employed  in  large  metallic  struc- 
tures such  as  ships,  for  joining  together  plating  and  frame 
members.  It  may  well  be  that  in  a  short  time  electric 
welding  will  enable  this  advance  to  be  made.  The  pur- 
pose, however,  of  this  paper  is  to  draw  attention  to  cer- 
tain particular  methods  of  employing  electric  welding  in 
ship  construction,  which  render  such  welding  methods 
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applicable  and  practically  advantageous  for  these  pur- 
poses, and  it  will  be  realized  that  it  is  necessary  to  deal 
with  the  problem  of  ship  construction  in  detail,  applying 
welding  first  in  the  manner  which  is  most  advantageous, 
in  order  to  ascertain  its  practical  advantages,  and  to  test 
its  utility  under  all  service  conditions.  The  importance 
in  the  writer's  view  of  the  designs  to  which  attention  is 
now  called,  resides  in  the  fact  that  they  are  the  first,  as 
far  as  is  known,  in  which  welding  as  applied  to  practical 
ship  construction  is  considered  in  detail  from  the  engi- 
neering point  of  view,  while  the  designs  have  the  further 
advantage  that  they  can  be  tested  without  departing  in 
any  important  respect  from  existing  plans  and  practice 
in  ship  design,  so  that  no  practical  risks  are  involved. 

ELECTRIC  WELDING  AS  APPLIED  TO  SHIP'S  DECK  STRUCTURES, 
BULKHEAD  STRUCTURES,  ETC. 

The  design  shown  in  sketch  So.  1  relates  to  deck  con- 
structions, bulkhead  constructions  and  the  like.  In  ship 
construction  there  are  always  frame  inemliers,  usually  of 
channel-or  Z  section  at  intervals  of  about  two  or  three  feet 
apart  inside  the  plating  of  the  sides,  and  in  order  to  build 
in  the  deck  it  is  necessary  to  cut  the  deck  so  as  to  lit  over 
the  frame  members.  Angle-iron  collars  are  forged  to  fit 
inside  the  channels  of  the  frame  members,  around  said 
members,  and  along  the  plating  between  them,  the  collars 
being  riveted  to  the  ship's  plating  and  the  frame  mem- 
bers, and  riveted  also  to  the  decks.  It  is  usually  required 
to  make  bulkheads  and  partitions  also  to  fit  against  the 
ship's  sides  in  the  same  way  by  the  use  of  angle-irons 
fitted  around  and  l>etween  any  brackets  and  stringers,  and 
riveted  to  the  plating  and  the  bulkheads.  Then  it  is  neces- 
sary to  make  such  decks  and  bulkheads  watertight  by 
caulking  the  joint  lines  l>etween  these  and  the  decks,  and 
all  the  rivet  heads,  but  even  so,  it  is  almost  impossible  to 
caulk  every  joint  effectively,  particularly  around  the  longi- 
tudinal stringers  and  so  forth.  The  result  is  that  there 
is  always  a  certain  amount  of  leakage  which  may  steadily 
become  worse,  owing  to  the  inevitable  relative  movements 
due  to  the  working  of  the  ship,  and  also  creaking  is  liable 
to  occur  due  to  relative  movements,  particularly  against 
and  around  the  frame  mcml>ers.  The  object  of  the  pres- 
ent design  is  to  provide  an  alternative  method  of  fitting 
and  fixing  decks,  bulkheads  and  the  like  in  ships,  which 
will  overcome  these  disadvantages  with  a  notable  saving 
in  labor,  materia!  and  deadweight. 

Figure  1  shows  in  elevation  a  portion  of  the  plating  at 
the  side  of  a  ship  and  a  portion  of  the  deck  in  section, 
while 

Figure  2  shows  a  plan  of  Figure  1 ; 

Figure  3  is  a  detailed  view  showing  a  section  of  the 
line  A -LI  of  Figure  2,  and 

F'igurc  4  shows  a  section  on  the  line  C-D  of  Figure  2. 

In  the  drawings,  a  is  the  ship's  plating,  for  example, 
at  one  side  of  the  ship,  b  arc  the  frame  members  extend- 
ing upwardly  and  downwardly,  and  c  is  the  deck  to  be 
inserted.    Between  each  frame  member  and  the  next  an 
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SKETCH  1 

angle-iron  bracket  d  is  fitted,  being  held  in  |>osition  against 
the  ship's  plating  a  by  welding  deposits  as  at  c,  Figure  1, 
in  notches  cut  in  the  vertical  webs  of  the  brackets,  and  by 
welding  deposits  /  at  the  chamfered  ends  of  said  brackets. 
One  object  of  cutting  the  notches  e  and  welding  up  to 
the  tips  thereof,  is  to  insure  that  the  brackets  d  are  sup- 
ported near  the  top,  and  will  not  therefore  be  liable  to 
be  torn  away  from  the  plating  by  any  weight  resting  on 
the  deck,  which  in  turn  bears  upon  the  projecting  tops 
of  the  brackets.  The  notches  may  be  cut  in  the  webs 
of  the  brackets  d  at  intervals  of  say  6  inches  apart,  and 
they  may  be  of  any  convenient  shape,  but  an  inverted 
V-shape  with  a  rounded  end  is  generally  the  most  suit- 
able in  practice.  The  brackets  are  not  required  to  extend 
at  each  end  up  to  the  upright  frame  members  b,  but  they 
may  be  cut  in  lengths  from  straight  angle  bars  so  as  to 
fill  approximately  the  gaps  between  said  frame  members 
b.  The  tops  of  the  brackets  d  arc  at  the  level  to  support 
the  deck  directly.  Small  additional  brackets  w  may  also 
be  applied  to  the  faces  of  the  frame  members  b,  at  the 
same  level  as  the  angle-iron  brackets  d  in  order  to  support 
the  deck  at  the  faces  of  said  frame  members.  The 
brackets  «  are  welded  to  the  frame  members  b  by  fillets 
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of  deposited  metal  o,  as  indicated  in  Figure  1.  The  ir- 
regular internal  sections  of  the  frame  members  b  are  filled 
in  at  the  level  of  the  deck  c  with  insertions  g,  Figure  2, 
these  being  welded  into  the  section  of  the  frame  members 
b  by  fillets  of  welding  metal  h  around  the  inside  of  the  said 
frame  members  and  against  the  ship's  plating  a.  The 
insertions  //  when  fitted  in  this  way  fill  up  the  gaps  in  the 
frame  members  at  the  level  of  the  deck  c,  leaving  a  plain 
or  simple  non-reentrant  section  around  which  the  deck 
can  be  fitted  easily  and  closely. 

The  deck  may  be  assumed  to  be  made  up  of  metal 
plating  which  is  riveted  or  welded  together  in  any  con- 
venient manner.  It  may  be  treated  as  if  it  were  a  single 
plate  for  the  purposes  of  this  design.  When  the  deck- 
is  inserted  it  fits  against  the  sides  of  the  ship's  plating 
and  around  the  brackets  b  and  insertions  g  as  shown,  and 
it  is  first  welded  down  on  to  the  tops  of  the  brackets  d, 
and  the  brackets  n  also  if  desired,  by  welding  deposits 
applied  as  at  k  in  notches  or  slots  cut  at  convenient  in- 
tervals in  the  edges  of  the  deck,  Figure  2.  Alternatively 
or  in  addition,  the  deck  might  be  welded  to  the  flanges 
of  the  brackets  from  beneath  by  fillets  of  welding  metal 
deposited  at  /  in  Figure  3,  but  this  is  not  generally  neces- 
sary. Then  a  line  or  fillet  of  welding  metal  is  deposited 
all  round  the  edge  of  the  deck  as  indicated  at  m,  both 
against  the  ship's  plating  o,  and  around  the  brackets  b 
and  insertions  g.  In  this  way  the  deck  is  completely 
welded  and  hermetically  sealed  in  place  in  the  ship,  so 
that  no  subsequent  caulking  or  labor  of  any  kind  is  re- 
quired upon  it  to  make  it  watertight. 

Water  might  still  find  its  way  between  the  frames  b 
and  the  ship's  plating  a  (unless  they  were  packed  with 
jointing  material  which  is  not  permanent,  and  in  order 
to  render  impossible  leakage  of  water  at  this  point  it  is 
preferred  to  cut  slots  in  the  plating  a  from  the  outside 
adjacent  to  the  frame  members  at  the  level  of  the  decks, 
and  to  weld  the  frame  members  and  plating  together 
through  such  slots  as  at  /»,  Figures  2  and  4.  In  this  way 
a  complete  line  of  welding  is  formed  at  the  deck  level 
along  the  ship's  plating. 

The  fitting  of  bulkheads  in  place  is  effected  in  ex- 
actly the  same  manner  as  for  the  decks,  upright  angle 
brackets  being  welded  to  the  ship's  plating,  and  the 
bulkheads  being  welded  to  such  brackets  and  to  the 
plating.  If  Figures  1  and  2  arc  regarded  as  being 
turned  through  90  they  will  represent  the  insertion  of 
such  a  bulkhead,  the  frame  members  b  being  then  hori- 
zontal frame  members  which  occur  at  intervals  inside 
the  ship's  plating. 

As  the  necessity  for  the  drilling  of  rivet  holes  in  fitting 
the  decks  and  bulkheads  is  entirely  eliminated,  and  as 
electric  welding  can  be  done  by  a  single  person,  whereas 
riveting  required  the  simultaneous  labor  of  three  men  as 
a  rule,  it  is  evident  that  this  method  of  inserting  the  decks 
and  bulkheads  may  introduce  an  important  economy  in 
labor,  in  addition  to  its  other  advantages. 
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THIS  IS  THE  FIRST  OF  THE  10  GOOD  REASONS 


Elimination 

'^Shut-Downs 

C  HUT-DOWNS  hold  up  more  im- 
portant orders,  bring  about  more 
ill  feeling  and  necessitate  greater 
idleness  among  men  than  any  other 
cause — and  most  shut-downs  can  be 
traced  to  faulty  lubrication.  It  is  an 
established  fact  that  in  plants  where 
Keystone  Grease  is  used,  shut-downs 
resulting  from  improper  lubrication 
are  entirely  unknown. 


!  KEYSTONE  GREASE 


is  regarded  in  the  biggest  and  busiest  industrial  centers  as  the 
100'  <  efficient  lubricant.  Those  in  charge  of  the  lubrication 
in  leading  plants  agree  that  in  the  elimination  of  shut-downs 
alone  Keystone  Grease  effects  a  total  saving  of  hundreds  of 
thousands  of  dollars  annually. 

This  is  only  one  of  the  reasons  why  Keystone  Grease  and  the 
Keystone  \  enango  Gravity  Grease  System  should  be  used  in 
your  plant.  Look  for  reason  number  2  in  the  next  issue — or 
send  for  our  new  booklet,  "Ten  Good  Reasons  for  Using 
Keystone  Grease." 

The  Keystone  Lubricating  Co. 


Executive  Office  and  Workt: 

PHILADELPHIA,  PA. 


New  York 
Boston 
Pittsburgh 
Chicago 
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THE  APPLICATION  TO  KEEL  PLATES,  PARTITION  PLATES,  ETC. 

This  design  (see  sketch  Xo.  2)  relates  in  particular 
to  the  method  of  inserting  the  vertical  keel  plates,  the 
longitudinal  partition  plates,  the  intermediate  cross-parti- 
tions or  plates,  and  the  inner  shell  which  is  carried  on  or 
secured  to  the  framework  formed  by  such  plates.  Hither- 
to it  has  been  usual  to  secure  the  vertical  keel  plates 
and  partitions  in  place  by  means  of  angle-iron  brackets 
riveted  to  the  keel  and  the  ship's  bottom  plating,  and  to 
secure  the  inner  shell  plating  of  the  ship  to  such  vertical 
plates  by  brackets  riveted  to  said  plates  and  to  the  inner 
shell.  In  order  to  make  the  structure  water-  and  oil-tight 
it  is  necessary  to  caulk  even-  joint  and  all  the  rivets,  but 
even  when  the  ship  is  new  the  joints  are  rarely  fluid-tight 
throughout,  and  after  a  time  they  are  sure  to  loosen  more 
owing  to  vibration  and  to  racking  stresses. 


These  difficulties  can  be  avoided,  and  an  improved 
st met ure  is  provided  by  a  method  of  welding,  whereby 
the  whole  labor  of  riveting  and  all  necessity  for  caulking 
is  avoided.  It  might  have  been  thought  that  it  would  be 
sufficient  to  employ  angle  irons  as  before,  and  merely  to 
weld  them  instead  of  riveting  them  in  place,  and  this 
has  been  previously  proposed,  but  though  this  might  pre- 
sent some  advantages  over  riveting,  it  does  not  provide 
nearly  so  strong  or  effective  a  structure  as  is  provided  by 
the  const  ruction  shown  in  this  plan. 

Figure  1  illustrates  in  perspective,  and  partly  broken 
away,  a  portion  of  a  ship's  bottom  and  inner  shell  plating 
or  false  bottom,  with  the  intervening  keel  and  partition 
plating. 

Figure  2  shows  in  |ierspcctivc  a  slight  modification. 
Figures  3  and  4  are  two  views  at  right  angles  showing 
another  modification. 

Referring  to  Figure  1,  the  ship's  bottom  plating  is 
marked  a,  and  the  inner  shell  plating  b.   A  portion  of  the 


vertical  keel  plating  is  seen  at  C,  while  d  is  another  longi- 
tudinal line  of  partition  plating,  and  c  is  the  intermediate 
cross-partition  plating.  The  vertical  keel  plate  <\  and  the 
longitudinal  partitions  d  arc  laid  along  the  bottom  plating 
a  of  the  ship,  and  arc  fillet-welded  thereto  along  their 
bottom  edges  at  both  sides,  as  indicated  at  /.  The  trans- 
verse intermediate  partition  plates  c  are  similarly  placed 
and  welded,  both  to  the  ship's  bottom  plating  as  at  /,  and 
also  to  the  longitudinal  partitions  c  and  </,  as  seen  at  y. 
The  joints  so  made  would  not  effectively  resist  racking 
stresses,  but  the  necessary  strength  and  rigidity  is  ob- 
tained separately,  by  making  struts  h  of  angle-  or  T-iron, 
and  welding  them  at  intervals  to  the  vertical  keel  plates 
c  and  partition  plates  d  at  the  one  end,  and  to  the  ship's 
bottom  plating  a  at  the  other  end.  The  struts  may  be 
shaped  from  suitable  section  irons,  with  ends  at  the  pioper 
angle  to  the  middle  portions  in  order  to  lie  flat  against  the 
plates  to  which  they  are  to  be  welded ;  and  the  welding 
is  done  either  around  the  said  ends  of  the  struts  as  indi- 
cated at  k,  or  through  slots  or  notches  cut  therein,  or  in 
both  of  these  ways.  Instead  of  struts  h,  plain  gusset 
plates  /  may  be  used,  these  being  cut  from  metal  plates 
and  welded  around  their  ends  as  shown  at  u  in  Figures 
3  and  4.  The  term  "struts"  where  used  hereinafter,  is  to 
be  read  as  including  such  gusset  plates.  In  the  welding 
of  these  struts,  owing  to  the  fact  that  the  struts  are  of 
much  less  mass  than  the  plates,  they  become  more  highlv 
heated,  and  therefore  expand  more  than  the  plates.  On 
cooling  after  the  welding,  therefore,  the  struts  h  or  /, 
which  extend  at  an  angle  from  the  vertical  keel  and. parti-  " 
tion  plates  c  and  d  to  the  bottom  plating  a  of  the  ship  as 
shown,  tend  to  contract  more  than  the  plates,  with  the 
result  that  all  the  struts  are  left  in  tension  while  the 
vertical  keel  and  partition  plates  c  and  d  are  in  compres- 
sion between  the  ends  of  the  struts  and  the  ship's  bottom 
plating  a.  Hence  a  rigid  trussed  structure  is  formed 
which  is  admirably  adapted  to  resist  all  racking,  bending 
or  vibrational  stresses.  The  struts  may  be  placed  in  pairs 
at  opposite  sides  of  the  vertical  plates  as  shown,  or  in 
staggered  positions  as  may  be  preferred,  and  will  be  fixed 
at  intervals  apart  depending  upon  their  strengthened  sec- 
tion. Similar  struts  i  may  he  arranged  and  welded  in 
horizontal  positions  at  the  corners  where  the  longitudinal 
and  transverse  partition  walls  meet. 

It  will  be  seen  that  the  structure  depends  to  a  large 
extent  for  its  rigidity  on  the  struts,  and  that  these  play  no 
part  in  rendering  it  fluid-tight.  The  fillet  welds  /  along 
the  lower  edges  of  the  plates  and  at  g  between  the  longi- 
tudinal and  intermediate  partition  plates,  serve  this  latter 
purpose  in  an  entirely  effective  and  permanent  manner, 
while  at  the  same  time  they  prevent  any  possibility  of 
movement  or  shearing  between  the  vertical  plates  c,  d  and 
t*  and  the  ship's  plating  o. 

The  vertical  keel  plates  c,  the  longitudinal  partitions  d 
and  transverse  intermediate  partitions  c  form  a  structure 
or  framework  which  provides  a  number  of  oblong  cells 
or  spaces,  and  instead  of  forming  the  inner  plating  or 
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The  Beaumont  Drag  Scraper 
for  Coal  Storage 

C»AL  is  received  at  the  plant  in  railroad  cars,  discharged  into  the  hopper  below  the 
tracks  and  conveyed  mechanically  to  the  crusher,  where  it  is  reduced  to  stoker  size. 
A  chain  and  bucket  elevator  picks  up  the  coal,  after  it  has  been  crushed,  elevat- 
ing it  for  about  50  feet,  and  delivers  it  down  a  chute  to  a  large  pile  of  coal  about  20 
feet  high,  which  is  adjacent  to  the  railroad  track.  A  machinery  house,  located  above 
the  railroad  track,  contains  a  pair  of  rope  drums  which  propel  ropes  over  the  storage 
yard,  the  ropes  having  two  scoops  attached  to  them.  These  scoops  arc  quickly  detach- 
able so  that  they  can  be  turned  around  to  reclaim  the  coal.  Around  the  edge  of  the 
yard  are  located  steel  posts.  To  store  coal  at  any  portion  of  the  storage  yard  it  is 
only  necessary  to  change  the  tail  sheaves  from  one  post  to  another. 

When  reclaiming  the  coal  it  is  scraped  back  to  the  reclaiming  hopper  and  delivered 
to  the  bucket  elevator  mentioned  previously.  This  elevator  will  discharge  the  coal 
either  to  railroad  cars  or  to  a  conveyor  leading  to  the  boiler  house. 

R.  H.  BEAUMONT  CO. 

454  Chestnut  Street,  Philadelphia,  Pa. 

New  York:  50  Church  Street  Boston:  141  Milk  Street 
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bottom  b  of  the  ship  so  as  to  He  over  this,  the  inner  plat- 
ing is  fitted  as  follows :  Angle  brackets  /  arc  welded  to 
the  vertical  keel  and  partitions  c,  d  and  e  at  intervals, 
preferably  by  notching  or  slotting  the  vertical  webs  of  the 
brackets  at  suitable  points  as  at  m  and  welding  the  edges 
thereof  to  the  vertical  plates,  and  then  filling  in  the  notches 
or  slots  with  deposits  of  welding  metal  so  as  to  provide 
solid  supporting  pieces.  The  tops  of  the  brackets  I  are 
disposed  the  plating-thickness  below  the  tops  of  the  parti- 
tions c,  d  and  e,  and  templates  are  cut  to  fit  in  the  cells, 
the  inner  plating  b  being  made  up  in  complete  sections 
therefrom,  one  section  for  each  cell  of  the  partition  struc- 
ture. The  inner  plating  sections  b  may  have  chamfered 
edges  as  shown  in  Figure  1,  and  when  they  are  inserted, 
deposits  of  welding  metal  are  made  at  n  to  fill  in  the  V- 
shaped  spaces  and  to  weld  the  plating  b  to  the  vertical 
keel  and  partition  plating  c,  d  and  e.  The  plates  b  are 
also  preferably  slotted  or  notched  at  intervals  at  or  near 
their  edges  as  at  c,  and  are  welded  to  the  tops  of  the 
brackets  /  by  deposits  at  these  points  before  the  edges  of 
the  plates  are  welded  all  round  as  at  n  to  the  vertical  plat- 
ing c,  d  and  e. 

In  the  alternative  construction  shown  in  Figure  2,  the 
brackets  /  are  such  of  a  height  that  the  inner  plating  b 
when  inserted,  stands  up  half-proud  of  the  vertical  plating 
c,  d  and  c.  After  the  welds  in  the  notches  c,  holding  the 
plating  b  to  the  brackets  are  made,  fillet  welds  are  then 
made  around  the  entire  edges  of  each  section  of  the  inter- 
plating  b,  upon  the  tops  of  the  partitions  c,  d  and  t,  and 
these  joint  lines  are  finally  filled  in  also  with  welding  metal 
.as  at  p.  The  result  is  to  form  an  inner  plating  for  the 
ship,  in  sections  b,  which  are  completely  welded  to  the 
partition  walls  c,  d  and  e,  all  round  the  same,  and  are  also 
welded  one  to  another  along  their  edges,  so  that  a  very 
strong  and  rigid  structure  is  provided  which  is  completely 
fluid-tight,  without  the  necessity  of  any  caulking. 

The  structure  is  substantially  the  same  for  the  parti- 
tion plates  and  inner  plating  of  the  ship  as  far  as  these 
are  carried  Up  the  ship's  sides  past  the  hilge  keels,  except 
that  in  the  dies  there  is  not  the  same  necessity  for  making 
the  longitudinal  partitions  all  fluid-tight,  and  one  line  or 
fillet  of  welding  on  the  upper  edge  of  each  partition  plate 
may  suffice,  while  the  flanges  of  the  struts  on  which  the 
plates  rest  may  be  welded  from  above  to  the  partition 
plates  through  slots  therein. 

The  construction  set  forth  has  an  advantage  in  saving 
<lead  weight,  and  consequently  in  reducing  the  displace- 
ment of  the  ship. 

INNER  PLATIlfO,  MORTICE  AND  TENON  JOINTS 

In  this  construction,  sketch  No.  3,  the  inner  plating, 
floors  and  so  forth,  are  applied  in  lengths,  extending  over 
the  partitions,  while  fitting  thereon  by  mortice  and  tenon 
joints  which  are  secured  by  welding.  In  addition,  where 
required,  watertightness  may  be  secured  by  fillet  welding 
along  the  angles  or  junctions  between  the  partitions  and 
the  plating,  or  along  portions  thereof  not  already  welded. 


The  partition  plates  are  formed  with  projection  at 
intervals  constituting  tenons.  This  may  be  done  before 
the  plates  are  inserted,  by  punching  out  the  intermediate 
portions  at  the  inner  edges  of  the  plates  so  as  to  leave  the 
required  number  of  projecting  tenons;  or  in  any  other 
convenient  manner  according  to  circumstances.  One  pos- 
sible alternative  is  to  weld  tenons  to  the  tops  of  the  parti- 
tions, or  into  slots  cut  therein.  When  the  partition  plating 
is  complete,  with  such  tenons  projecting  therefrom,  the 
inner  plating  in  convenient  lengths  is  laid  thereon,  having 
been  shaped  and  punched  or  slotted  in  advance  with  mor- 
tice slots  to  fit  over  the  tenons  on  the  partition  plating. 
The  slots  are  made  substantially  longer  than  the  tenons 
for  reasons  stated  below,  so  that  great  accuracy  is  not 
required  in  cutting.  The  welding  is  then  effected  by  de- 
posits of  welding  metal  in  the  slots  around  the  tenons  and 
at  each  end  thereof.  In  order  to  hold  down  the  plates 
during  this  welding  any  convenient  forms  of  temporary 
attachment  devices  may  be  used,  for  example  hook  bolts 
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engaging  in  the  limln-r  holes  and  other  holes  in  the  parti- 
tion plating  may  be  used,  these  bolts  projecting  through 
holes  in  the  plating  to  be  welded  on,  and  being  tightened 
by  nuts  from  above.  The  hook  bolts  can  be  removed 
when  the  welding  is  completed  around  the  tenons  in  the 
mortice  slots,  and  the  holes  where  the  hook  bolts  have 
been  placed  can  be  filled  up  if  required,  for  example,  in 
the  case  of  oil-tight  or  watertight  plating,  with  plugs 
driven  in  and  welded  over,  or  in  any  other  convenient 
manner. 

It  is  important  that  the  mortice  slots  should  be  sub- 
stantially longer  than  the  tenons  in  order  to  enable  the 
welding  metal  to  connect  the  partition  members  to  the 
plating  throughout  the  thickness  of  the  latter;  the  slots 
are  also  wider  than  the  tenons,  to  allow  of  welding  along 
each  side  thereof,  in  a  V-shaped  space  or  otherwise.  Fach 
tenon  may  he  divided  into  two  or  more  projections  with 
welding  between  them  if  preferred.  The  inner  plating, 
tank  tops,  floor  and  the  like,  can  be  made  by  this  method 
in  sections  of  any  convenient  length  or  breadth,  and  se- 
cured upon  or  against  the  partition  plating  by  welded 
mortice  and  tenon  connections,  both  longitudinally  and 
transversely.  One  section  of  the  plating  can  be  connected 
to  another  by  welded  butt  joints,  welded  lap  joints  or 
welded  butt  strap  joints,  whichever  may  be  most  conveni- 
ent or  suitable  in  any  particular  case.    When  the  con- 
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"ELIMINATE  BELT  SLIPPAGE 
SO  FAR  AS  POSSIBLE" 

— U.  S.  FUEL  ADMINISTRATION 

YOU  can  quickly  determine  whether  you  are  complying 
with  this  recommendation,  by  testing  a  piece  of  the 
belting  leather  you  are  now  using  in  comparison  with  a 
piece  of  VIM  Leather  that  we  are  willing  to  send  you  free. 


Merely  slide  each  piece,  grain  side  down,  over  a  desk  or 
smooth  table  top. 

No  engineering  formulas  or  equations;  no  laboratory  tests 
or  curve  sheets. 

You  just  let  your  senses  tell  you  which  belt  pulls  most. 

Write  for  the  VIM  Leather  Belt  sample  now  while 
you  think  of  it. 

Since  1865 

E.  F.  HOUGHTON  &  CO. 

Publishers  of  The  Houghton  Line 
Third  and  Somerset  Sis.,  Philadelphia 

New  Yo«  It  Buffalo  Cncinnati  San  Fraociaco 

Barton  Atlanta  Detroit  Seattle 

Hartford  PittiWfili  St.  Louia  Montreal 

Syracuse  Grveland  Portland  Toronto 
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ncction  between  the  inner  shell  plating,  floors  or  tank  tops 
and  ihe  partition  plating  is  to  be  made  watertight  at  any 
particular  line  of  connection  where  mortice  and  tenon 
joints  have  been  made,  a  fillet  of  welding  metal  will  pre- 
ferably be  deposited  at  the  under  side  of  the  plating 
against  the  partition  walls,  either  throughout  the  whole 
length  or  only  in  the  intervals  between  the  tenons. 

The  method  of  mortice  and  tenon  welding  provides 
the  strongest  and  simplest  form  of  joint,  and  involves 
comparatively  little  welding,  much  welding  being  of  an 
easy  character  as  it  is  in  slots  open  above. 

Where  the  ends  or  sides  of  lengths  or  sections  of 
the  plating  arc  to  be  connected  together  in  position  not 
coinciding  with  a  partition  wall,  it  depends  upon  the 
strength  required  in  the  joint  which  type  of  joint  shall 
be  adopted.  A  plain  abutting  joint  is  sufficiently  strong 
for  many  purjx>ses,  the  abutting  edges  of  the  plates  being 
preferably  ait  to  a  V-shape  to  receive  the  weld  of  de- 
posited metal.  In  the  case  of  a  lap  joint  which  will  give 
greater  strength  as  a  rule,  the  edge  of  one  plate  will  gen- 
erally be  joggled  to  overlap  the  other,  and  a  complete 
fillet  weld  will  be  run  along  the  overlapping  edge  at  the 
top.  while,  if  necessary,  welds  at  intervals  may  be  pro- 
vided along  the  exposed  edge  from  beneath,  or  even  a 
complete  fillet  underneath.  This  will  rarely  be  necessary. 
If  a  butt  strap  is  used  applied  from  below,  it  will  be  held 
up  generally  by  service  bolts  at  a  few  points,  the  plate 
edges  to  be  joined  being  preferably  spaced  a  short  dis- 
tance apart  so  that  the  slot  thus  left  can  be  filled  in 
with  deposited  welding  metal  uniting  the  butt  strap  to 
both  plates,  and  uniting  the  plates  directly.  The  service 
bolt  holes  are  afterwards  filled  in  with  welded  plugs  or 
otherwise,  when  required. 

However  the  plates  are  jointed  together,  they  are 
secured  by  the  mortice  and  tenon  joints  in  a  very- 
strong  and  effective  manner  to  the  partition  plating,  while 
they  are  not  weakened  by  rivet  holes,  and  a  substantial 
saving  is  effected  in  deadweight  and  in  labor  involved 
in  construction. 


The  remaining  sketches,  though  illustrating  very- 
simple  constructions,  are  the  result  of  an  immense  amount 
of  thought  and  numerous  experiments  arising  from  the 
exigencies  of  the  British  Dockyards  in  dealing  with  the 
necessary-  repairs  to  the  many  Naval  units  of  all  descrip- 
tions, which  came  into  port  after  engagements,  with  their 
caulking  and  riveting  all  gone  to  pieces,  caused  by  the 
vibration  and  shock  stresses  of  heavy  gunfire. 

Everyone  knows  the  difficulties  encountered  and  time 
required  to  make  repairs  in  such  cases  by  mechanical 
caulking,  and  the  uselessness  of  caulking  unless  the  rivets 
arc  first  taken  out,  holes  reamed,  and  new  and  larger 
rivets  substituted.  In  many  cases  in  the  completed  struc- 
tures this  is  practically  impossible.  The  ships,  however, 
were  needed,  and  that  with  the  least  possible  delay  in 
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dock,  so  some  substitute  for  the  older  methods  had  to  be 
found. 

It  was  here  that  arc-welding  was  finally  resorted  to, 
and  to-day  il  is  universally  used  by  the  Naval  Dockyards, 
with  very  great  effectiveness,  both  in  saving  of  time  and 
in  efficiency. 


METAL  PLATE  STRUCTURES  OP  SHIPS.  TAHKS,  ETC. 

The  design  shown  in  sketch  No.  4,  relates  to  metal 
plate  structures  of  ships,  tanks,  and  the  like,  which  are 
required  to  be  watertight.  In  structures  of  this  char- 
acter which  arc  liable  to  be  subjected  to  heavy  stresses,  no 
caulking  can  be  permanently  effective,  and  it  is  liable  to 
break  down  very  quickly  in  structures  such  as  plated 
vessels  after  heavy  gun  firing.  W  hat  is  required  in  order 
to  render  such  a  structure  watertight,  is  to  provide  some 
form  of  elastic  sealing  medium  which  will  cover  all  of 
the  joints,  and  will  not  be  destroyed  by  the  maximum 
strains  and  deformations  to  which  the  plating  structure 
is  liable.  There  is  no  satisfactory  elastic  medium  of  a 
non-metallic  nature  which  could  be  used,  or  which  has 
been  successfully  applied  to  the  purpose  in  view,  and  it 
is  the  object  of  this  design  to  attain  the  result  with  a 
metallic  structure,  using  methods  of  welding  for  securing 
the  projecting  sheets. 

Comparatively  thin  and  flexible  metal  sheets  are  used 
which  will  cover  the  joint  lines,  the  sheets  being  welded 
to  the  plating  in  order  to  eliminate  all  risk  of  leakage. 
In  preparing  sheets  for  the  purpose  rolled  steel  plates 
may  be  used  of  a  comparatively  thin  gauge,  for  example. 
No.  12  gauge,  and  these  sheets  arc  annealed  throughout 
in  order  that  their  consistency  may  lie  as  uniform  as  pos- 
sible after  welding.  They  are  laid  over  the  joint  lines 
and  are  fillet-welded  at  their  edges  to  the  plates  at  each 
side  of  the  joints. 

Figures  1  and  2  show-  riveted  plating  with  com- 
paratively narrow  steel  strips  a  laid  over  the  joint  lines 
and  welded  at  each  side  to  the  plates  by  means  of  de- 
posited fillet  welds  at  b.  Where  one  strip  meets  another 
over  a  plate  joint,  the  end  of  the  abutting  strip  is  welded 
to  the  edge  of  the  outer  strip  or  to  the  plating  as  at  r. 
Figure  1.  In  this  example,  the  applied  strips  a  may  be 
only,  say  from  1  to  2  inches  broad  so  that  they  will  lie 
inside  the  lines  of  rivets  (/,  as  shown.  The  steel  strips  a 
can  be  fed  down  against  the  surface  of  the  plating  as  they 
are  being  welded,  in  the  manner  illustrated  in  Figure  3, 
the  ends  of  successive  strips  being  united  by  welding 
where  more  than  one  length  of  strip  is  required  for  a 
joint.  The  resultant  structure  is  absolutely  watertight 
and  will  withstand  very-  high  stresses  without  showing 
any  signs  of  leakage.  With  stresses  large  enough  to  open 
the  joints  somewhat,  the  thin  annealed  steel  strips  can 
extend  or  bend  transversely  to  the  extent  required  with- 
out their  welded  edges  breaking  away.  Even  with  no 
caulking  between  the  edges  of  the  plates  of  the  structure, 
therefore,  it  is  a  great  improvement  on  existing  plating 

OP     PHILADELPHIA  479 


Digitized  by  Google 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


f 


LlHK" 

INDUSTRIAL  EQUIPMENT 
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THE  scope  of  Link-Belt  labor  saving 
equipment  is  so  great  that  there  is 
no  line  of  industrial  activity  which 
cannot  be  made  more  efficient,  more  produc- 
tive, and  operated  more  economically,  by  the 
adoption  of  Link-Belt  devices. 

This  condition  was  true  before  the  war. 
Now  the  value  of  Link-Belt  equipment  to  any 
manufacturer  is  infinitely  greater.  That  equip- 
ment includes  all  classes  of  conveying  and 
elevating  machinery,  electric  hoists,  locomo- 
tive cranes,  coal  and  ash  handling  systems, 
mining  equipment,  coal  storage  systems,  water- 
intake  traveling  screens,  all  types  of  conveying  and  power 
transmission  Link -Belt,  sprocket  wheels,  silent  chain  drives, 
etc. 

We  maintain  a  large  staff  of  engineers  at  each  of  our 
plants,  who  will  gladly  render  you  advice  and  assistance 
in  bringing  your  plant  up  to  the  highest  possible  degree 
of  mechanical  efficiency  in  the  handling  of  your  product, 
and  transmission  of  power.   Address  nearest  office. 
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structures  as  regards  resistance  to  opening  up  of  the  joints 
and  risk  of  leakage.  The  actual  joint  line  may  also  be 
caulked,  for  example,  at  e.  Figure  2,  before  the  steel  strip 
i.-  applied  with  a  run  of  deposited  welding  metal  when- 
ever this  is  considered  desirable,  and  this  will  further 
strengthen  the  joint  and  increase  its  resistance  to  opening 
stresses.    Mechanical  caulking  can  also  be  used. 

The  applied  strips  a  need  not  necessarily  lie  flat  against 
the  plating,  but  they  may  be  buckled  outwardly  somewhat 
from  it  in  order  to  allow  freedom  of  expansion,  or  slightly 
waved  or  corrugated  in  a  direction  extending  along  the 
joint  line.  This  is  illustrated  in  Figure  5.  If  the  rivet 
heads  project,  as  in  Figure  6,  the  steel  strips  may  be  bent 
inwardly  at  their  edges  beyond  the  rivet  lines  and  welded 
there.   This  also  provides  an  element  of  flexibility  in  the 


middle  part  of  the  strip  which  is  held  out  at  a  little  dis- 
tance from  the  surface  of  the  plating. 

The  edges  of  the  covering  strips  may  be  also  be  let 
into  recesses  in  the  metal  plating  if  desired,  as  indicated 
in  Figure  7,  but  as  a  rule  this  should  not  be  necessary  as 
the  fillet  welds  b  at  the  edges  will  prevent  any  sharp 
corners  being  left. 

In  any  such  cases  as  those  of  Figures  5,  6  and  7, 
wherein  the  strips  arc  curved  and  extend  away  from  the 
plating  surface  over  part  of  their  width,  the  ends  of  the 
strips  may  either  be  flattened  down  to  enable  them  to  be 
welded  to  the  plating  or  to  crossing  strips,  or  such  cross- 
ing strips  may  have  their  edges  lifted  to  apply  them  to  the 
ends  of  the  first  mentioned  strips,  whichever  may  be  most 
convenient. 

ATTACHMENT  07  FITTINGS  TO  HARDENED  PLATE  SURFACES 

This  design  relates  to  methods  of  securing  attach- 
ments to  iron  or  steel  plating  which  is  too  hard  at  its 
surface  to  permit  of  drilling  and  inserting  studs,  bolts 
and  so  forth. 

Figure  1  shows  in  section  the  method  of  securing  a 
stud  in  the  plating. 

Figure  2  is  a  face  view  of  one  of  the  holes  with  a 
stud  therein. 

Figure  3  shows  a  cross  section  on  the  line  3-3  of 
Figure  2. 

.Figure  4  shows  a  jig  for  holding  several  studs  ready 
for  welding  in  place. 

Figures  5  and  6  are  sectional  views  corresponding  to 
Figure  I,  showing  subsequent  stages  in  the  operation. 

In  the  drawings,  a  represents  a  surface-hardened  plate 
such  as  armor  plating.  In  this  the  hardening  extends 
say  for  one  and  a  half  inches  inwards  from  the  surface 
as  indicated  by  the  dotted  line  b.  Nothing  can  be  secured 
to  this  surface  by  welding,  as  the  welding  deposit,  if 
applied,  merely  breaks  away  a  portion  of  the  hardened 
metal  with  it  when  any  stress  is  applied  to  it.  If,  how- 
ever, the  high-carbon  steel  at  the  surface  could  be  pierced, 
the  milder  metal  at  the  rear  would  serve  for  effecting 
a  secure  attachment  by  welding.  This  is  carried  out  as 
follows : 

Holes  arc  burnt  or  fused  out  at  the  required  distance 
a|wrt  for  studs,  which  will  provide  a  secure  attachment 
for  the  further  plate  or  other  object  to  be  mounted  on 
the  hardened  plate.  For  burning  the  holes  through  the 
hardened  layer  of  metal  the  electrodes  are  preferably 
moistened  in  order  that  an  oxidising  action  may  take 
place,  and  a  heavier  electric  current  is  used  than  is  re- 
quired for  effecting  electric  welding.  In  this  way  a  scries 
of  holes  are  formed  preferably  of  the  shape  indicated  at 
r  in  Figures  1  to  3.  and  extending  to  a  depth  well  beyond 
the  plane  indicated  at  b,  where  the  surface  hardening 
ceases.  The  holes  are  oval  in  form  and  undercut  at  the 
ends,  so  that  when  a  stud  such  as  d  is  laid  in  one  of  the 
holes,  there  will  be  space  enough  above  and  at  each  side 
of  it  for  inserting  and  manipulating  a  welding  electrode 
in  the  hole.    A  series  of  such  studs  is  placed  in  the 
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ELECTRIC  WELDING 


of  holes,  and  held  in  the  right  position  for  fitting  in  cor- 
rcsj>onding  holes  in  the  object  to  be  attached ;  the  holding 
may  be  accomplished  by  the  use  of  a  suitable  support  or 
jig  such  as  is  indicated  at  e  in  Figure  4.  Each  hole  c  is 
then  filled  up  solidly  around  the  stud  d  with  welding 
metal,  built  up  from  the  rear,  where  it  coalesces  with 
the  milder  backing  metal  or  the  armor  plate  a,  until  a 
conical-ended  block  g  of  metal  is  formed,  welding  the 
stud  d  to  the  backing  metal,  and  boring  it  into  the  hard- 
ened surface  metal  so  that  it  cannot  possibly  pull  out. 


MUTCH  5 

The  studs  d  are  all  preferably  screw  threaded,  as  indi- 
cated, and  the  object  to  be  attached,  for  example  a  further 
plate  /,  is  now  applied,  with  its  ready-formed  holes  fitting 
over  the  studs  d  as  they  project  from  the  plate  a.  The 
holes  in  the  plate  /  are  chamfered  out  at  the  front  as  at 
h.  Figure  5,  and  nuts  k  preferably  formed  with  coned 
ends  as  shown  in  Figure  5,  are  now  applied  to  all  the 
projecting  studs,  and  are  screwed  up  tightly  to  secure  the 
plate  /  (irmly  in  position.  The  surfaces  of  the  welds 
i)  are.  of  course,  smoothed  or  filed  flat  if  necessary,  before 
the  plate  /  is  applied. 

Finally,  the  nuts  k  are  removed  one  by  one,  and  the 
annular  spaces  provided  by  the  chamfered  holes  It  are 
filled  in  with  deposits  of  welding  metal  /,  Figure  6.  which 


draw  the  plate  /  even  more  tightly  against  the  plate  a 
as  the  heated  studs  d  and  the  deposited  metal  cool.  Re- 
moving the  nuts  k  only  one  by  one  as  the  welds  are  made, 
prevents  any  risk  of  the  stresses  due  to  the  heating  and 
cooling  in  the  welding  operation  distorting  the  plate  /  and 
so  interfering  with  its  proper  positioning.  When  all  the 
welds  are  made,  or  as  each  nut  is  removed  and  before  the 
welding  which  replaces  it  is  effected,  the  projecting  ends  of 
the  studs  d  can  be  cut  off  flush  or  nearly  so,  leaving  a 
finished  attachment  such  as  is  seen  in  section  in  Figure  6. 

If  the  object  /,  which  is  secured,  is  a  bracket  or  the 
like,  it  can  be  employed  in  turn  for  supporting  any  other 
object  or  plate  which  it  is  required  to  mount  Upon  the 
hard-surfaced  plating  a.  The  holes  e  are  not  necessarily 
of  the  precise  shape  shown,  and  they  might  be  circular 
and  conical,  for  example,  with  the  studs  d  placed  at  the 
center.  This  would  usually  necessitate  the  use  of  larger 
holes  and  would  result  in  more  labor  and  expenditure 
upon  electrodes  in  the  cutting  and  subsequent  welding 
operation,  so  that  holes  of  the  general  shape  indicated  are 
preferred.  The  undercutting  is  important  in  keying  the 
welding  deposits  ;/  in  position,  but  it  is  of  even  greater 
importance,  to  insure  that  each  hole  c  extends  beyond  the 
very  hard  surface  layer  of  the  plate  a  into  the  milder 
metal  at  the  rear,  as  otherwise  no  reliable  attachment 
would  be  made.  The  studs  d  arc  not  necessarily  placed 
in  straight  rows,  of  course,  but  their  number  and  disposi- 
tion will  depend  ui>on  the  form  and  mass  of  the  object 
t f >  be  attached,  or  the  stresses  to  be  borne  subsequently. 
For  some  pur]  uses  possibly  it  might  be  sufficient  to  leave 
the  nuts  A-  to  support  the  attached  object  /,  without  re- 
placing them  by  welds  such  as  /,  but  for  most  pur]K>ses 
such  welds  will  be  required  to  complete  the  attachment 
in  a  permanent  manner,  and  to  secure  the  object  /  in  the 
strongest  possible  manner  to  the  plating  a.  The  inner 
ends  of  the  studs  d,  instead  of  being  cut  off  straight  as 
indicated,  might  be  chamfered  or  tapered  to  allow  the 
welding  metal  to  get  behind  them;  or  if  preferred  they 
might  be  slightly  enlarged  with  the  object  of  keying 
them  in  turn  into  the  welding  deposits  Q  rather  than  de- 
luding entirely  u|M>n  the  welding  together  of  the  metal 
of  the  studs  and  of  the  deposits  y  to  hold  them.  For  most 
purposes  plain  ended  studs  </,  as  indicated,  will  be 
sufficient. 

In  this  matter  a  great  deal  of  thought  and  considera- 
tion was  given.  Net  protection  was  not  very  effective 
against  torjiedoboat  attacks  in  the  North  Sea.  and  the 
proposition  was  made  to  attach  to  vessels  what  is  known 
as  bulges.  These  bulges  are  very  ponderous  attach- 
ments. They  come  above  the  waterline  and  extend 
some  distance  Ik*Iow.  forming  an  air  space  about  8  or  10 
feet  from  the  actual  ship's  bottom  at  the  waterline  and 
below.  W  hen  a  torpedo  struck  these  bulges,  it  was  ex- 
ploded in  passing  through  the  air-tight  outer  |x>rtion  and 
the  force  of  the  explosion  was  taken  up  or  expended  on 
the  water  that  was  confined  between  the  sides  of  the  ship 
and  the  air-tight  space  on  the  outside  and  the  energy  was 
expended  in  forcing  water  through  hose  provided  for  its 
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The  Government  Needs 
All  the  Copper 

It  is  your  patriotic  duty  and  ours  to 
use  substitutes  for  copper  wherever 
possible. 

We  can  help  you  save  copper,  yet  give 
you  equally  as 

Good  Printing 
Results 

— from  your  engravings,  except  where 
it  is  necessary  to  use  the  finer  screens 
or  to  print  from  the  original  halftones. 

Electrotypes  contain  a  very  small 
amount  of  copper.  Electrotypes  from 
specially  made  CHESTM  T  STREET 
ZINC  halftones  will  give  the  same 
printing  results,  on  large  or  small  runs, 
as  you  would  get  from  copper. 

Please  be  skeptical — and  we'll  prove 
the  success  and  economy  of  our 

Zinc  Halftones 

Chestnut  Street  Engraving 
Company,  Inc. 

702  Chestnut  Street 
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SUPREMACY 

is  a  word  that  is  pretty  loosely 
employed — too  often  constituting 
the  opinion  of  the  user  solely, 
without  reflecting  general  opinion. 

But  if  supremacy  in  furnace 
bridge  wall  construction  implies 
— as  we  think  it  does — an  all- 
around  superiority  in  a  business 
established  over  a  period  of  years 
and  endorsed  by  organizations 
both  large  and  small,  then  the 
supremacy  of  our  company  and 
our  product — the  "Wager  Patent 
Improved  Furnace  Bridge  Wall" 
— are  positively  beyond  quibble 
or  question. 

Wager  Furnace  Bridge  Wall  Co.,  Inc. 

149  Broadway  New  York  City 

Philadelphia,  Detroit,  Seattle,  Portland,  San  Francisco 
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Expanded  Metal 
Reinforcement  for  Concrete 

Was  invented  and  first  manufactured 
in  the  United  States. 

The  real  adaptability  and  value  of 
the  material  as  a  structural  element 
was  discovered  in  Europe. 

THE  RESULT  IS  that  American 
Army  Engineers  in  France  to-day  are 
learning  something  about  expanded 
metal  that  will  be  of  value  to  us  all 
when  they  return. 

It  is  of  interest  to  note  that  within 
the  past  few  months  the  "old  guard" 
of  American  Expanded  Metal  Manu- 
facturers have  come  forward  and  sur- 
prised the  world  with  their  ability  to 
manufacture  heavier  mesh,  larger  and 
more  perfect  sheets  than  has  ever  been 
attempted  in  any  foreign  country. 

The  highest  quality  Expanded  Metal 
in  the  world  is  "made  in  America." 

The  Consolidated  Expanded  Metal  Cos. 

2200  Arch  Street 
Philadelphia,  Penna. 
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escape  at  the  top  of  the  bulge,  so  that  when  a  ship  was 
struck  by  a  torpedo  a  fountain  would  rise  as  high  as 
the  boat,  and  it  proved  very  effective  in  the  protection 
of  ships.  Quite  a  large  number  of  the  ships  were  pro- 
vided with  protection  of  this  description.  It  used  to  take 
an  enormous  amount  of  time  to  make  holes  in  the  armor 
plate  and  the  difficulty  was  to  make  any  kind  of  an  attach- 
ment or  bracket  or  bulge  arrangement  to  fix  the  bolts  to. 
Direct  welding  was  tried,  with  the  result  that  the  bolts 
simply  pulled  out  the  armor  plates.  Then  it  was  at- 
tempted to  burn  holes  in  the  plates,  but  the  diffusion  of 
heat  was  so  great  it  caused  the  armor  plates  to  crack 
where  the  heat  was  applied,  and  that  method  had  to  be 
abandoned. 

Finally  the  suggestion  was  made  to  cut  a  round  hole 
with  intensely  local  heat  with  a  cold  electrode.  The  plan 
was  successfully  tried,  then  tested,  and  adopted  on  all 
that  type  of  protection,  as  indicated  in  the  sketch. 


In  conclusion,  attention  is  called  to  the  fact  that 
the  results  of  tensile  tests  go  to  show  that  a  welded 
construction  is  easily  made  very  much  stronger  than  any 
form  of  riveted  construction,  and  that  there  is  hardly 
any  comparison  when  one  considers  the  necessity  of  re- 
lying on  caulking  for  watertightness. 

If  this  were  all  there  was  to  the  story,  one  would 
wonder  why  there  was  any  hesitation  in  adopting  electric 
welding  to  the  exclusion  of  riveting  altogether.  Unfor- 
tunately, it  is  not  the  whole  story.  Tensile  tests  throw- 
but  little  light  on  the  value  or  reliability  of  welding  in 
ship  construction  when  the  stresses  are  wholly  of  a 
complex  description  in  the  nature  of  continuous  alter- 
nating stress,  under  which  the  average  weld  will  break 
down  with  stresses  very  much  below  their  elastic  limits, 
under  either  tension  or  compression,  a  condition  which 
is  far  more  pronounced  with  some  of  the  systems  and 
materials  used  in  electric  welding  than  others,  and  par- 
ticularly under  a  system  permitting  anybody  to  weld  any- 
thing with  anything. 

Now  that  the  Classification  Societies  like  Lloyd's,  the 
Electric  Welding  Committee  of  the  Emergency  Fleet  Cor- 
poration, w  ith  the  cooperation  of  the  National  Research 
Department,  the  F.ngineering  Staffs  of  the  great  Naval 
Dockyards  and  private  shipbuilders  both  in  England  and 
America,  are  carrying  on  experiments  and  research,  the 
old  order  of  things  will  soon  go.  Only  that  kind  of  weld- 
ing and  welding  material  that  is  scientifically  approved 
and  adopted  by  them  will  be  permitted,  and  this  under 
strict  rules  and  regulations;  and  only  then  can  we  expect 
to  see  electric  welding  come  into  its  own,  and  the  posi- 
tions of  riveting  and  welding  reversed  in  our  shipyards. 


Suhsequent  discussions  tiill  appear  in  the  Xoi'tmber  issue  of 
the  Journal. 
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B>C\RL  IIRRING,  Member 

THF.  multiplying  pulley,  popularly  known  as  the 
"block  and  tackle,'*  is  usually  shown  in  text  books 
in  a  vertical  ]wsition,  as  in  A  in  the  adjoining  sketch, 
the  single  pulley  being  attached  to  the  weight  W  and  the 
double  pulley  to  the  support  S.  For  a  man  pulling 
downward  this  may  be  the  best  way,  as  his  weight  adds 
to  the  pulling  force. 

This  "rule  of  thumb"  leads  one  to  do  the  same  thing 
when  moving  a  weight  horizontally  against  friction,  or 
exerting  a  draw-bar  pull,  as  shown  in  B.  It  will  be  seen, 
however,  that  by  merely  reversing  the  pulleys,  as  shown 
in  C,  the  same  weight  can  be  moved  with  25  per  cent, 
less  force  on  the  pulling  rope,  or  a  33  per  cent,  greater 
weight  can  be  moved  with  the  same  pulling  force. 


This  reversal  of  the  pulleys  will  have  the  same  effect 
in  A  when  the  pulling  rope  is  horizontal  (shown  in  dotted 
lines),  as  it  frequently  is  in  practice.  In  general,  and 
for  all  combinations  of  pulleys,  to  obtain  this  advantage, 
attach  the  blocks  so  that  the  pulling  rope  leads  td  the 
weight  and  not  to  the  support ;  or,  in  other  words,  pull 
from  the  weight  and  not  from  the  support,  text-books 
notwithstanding. 

Others  besides  the  writer  may  have  found  this  out  in 
practice,  but  it  docs  not  seem  to  be  as  generally  mentioned 
in  text  books  as  it  should  be,  and  may  therefore  not  be 
commonly  known. 

On  the  other  hand,  the  practical  man  may  also  commit 
errors  if  he  follows  rules  blindly  and  does  not  do  his  own 
thinking.  For  instance,  in  the  case  shown  in  B  he  says, 
"Stand  on  the  weight  while  you  do  the  pulling" ;  in  other 
words,  if  you  are  moving  a  stalled  or  wrecked  automobile, 
for  instance,  get  on  the  car  yourself.  It  is  true  that  this 
will  give  the  same  advantages  as  in  C  if  the  man's  weight 
can  be  assumed  to  be  negligible ;  but  in  C  no  such  assump- 
tion is  necessary,  and  as  his  weight  generally  would  add 
an  appreciable  load,  especially  when  there  is  any  vertical 
lifting  done,  C  is  always  the  better  way. 
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NOT  "So 
Much 
Metal" 
at  a  Price, 
but  a 

Specialized 
Valve  With 
Certain 
Definite 
Features 


V  alves  cheaper  than  NELSON  Valves  can  be  had. 
We  could  make  them,  too,  but  we  don't.  They 
wouldn't  give  service  up  to  our  standard.  They 
would  not  have  the  same  character,  the  same 
quality  of  metal,  nor  would  there  be  the  same 
precision  in  workmanship  and  care  in  testing. 
These  features  determine  the  worth  of  a  valve. 
They  take  NELSON  Valves  out  of  the  "so-much- 
a-pound"  class  and  make  them  highly  specialized 
valves  that  give  dependable  service. 
Study  the  design  of  the  NELSON  Steel  Valve 
shown  above.   Note  the  extra  heavy  construction, 
long  curv  es,  large  fillets  and  full  area  of  ports  and 
passages.    Note  the  strongly  built  yoke  and  bon- 
net, with  through-bolted  flanges  and  male  and 
female  faces  to  insure  perfect  alignment. 
Then  consider  these  other  features  : 
Kcgrindingand  renewable  disc  of  monel  with  leader 
to  clean  scats  and  prevent  wire-drawing.  Stem 
and  disc  can  be  locked  together  for  easy  regrinding. 
Monel  Seat  Ring  screwed  in  heavy  steel  bridge 
with  disc  guide  strongly  braced  by  spider  arms. 
Rolled  monel  stem  of  liberal  diameter  with  milled 
special  Acme  threads  for  maximum  strength,  long 
wear  and  case  of  operation. 

Shelf  on  yoke  simplifies  work  of  renewing  pack- 
ing, which  can  be  done  with  valve  in  service. 
Write  us  for  list  of  important  plants  where  NELSON 
Steel  Valves  are  giving  daily  satisfaction. 

NELSON  VALVE  CO. 

7634-40  Queen  Street 
Chestnut  Hill  Philadelphia 
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To  Measure  Is 
To  Economize 


In  many  power  plants  the  cost  of 
fuel  f<  r  generating  1000  pounds  of 
steam  averages  20  cents.  In  some 
it's  as  low  as  6  cents 

Where  does  your  plant  stand?  Is 
this  cost  as  low  as  it  might  be? 
With  a  YARWAY  V-NOTCH 
METER  with  LEA  RECORDER  in 

your  plant,  keeping  a  continuous, 
accurate  check  on  the  quantity  of 
evaporated  feed  water,  you  can  set 
boiler-room  standards,  impossible  to 
attain  otherwise. 

The  YARWAY  METER  has  stimu- 

lated  t  ci  nomy  in  hundreds  of  plants 
— can  probably  perform  the  same 
service  in  yours. 

Ask  your  engineers — if  the  YAR- 
WAY METER  is  not  adaptable 
conditions  in  your  plant,  they'll  tell 

you  so. 

Yarnall-Waring  Company 

7634  40  Queen  St. 
Chestnut  Hill  Philadelphia 
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SAFEOUARDINQ    THE  FUTURE 


SAFEGUARDING  THE  FUTURE* 

By  A.  LAWRENCE  LOWELL 

IX  matters  that  do  not  fall  within  their  immediate  ex- 
perience and  observation  Americans  are  idealists. 
They  are  apt  to  imagine  a  thing  as  they  would  like  it 
to  be,  rather  than  as  it  really  is.  They  found  it  hard  to 
conceive  that  any  nation  could  want  to  injure  a  people 
that  had  not  injured  it ;  that  it  could  desire  to  subjugate 
a  peaceful  and  civilized  neighbor.  Until  1917  the  majority 
of  Americans  believed  that  they  could,  that  they  ought, 
and  that  they  would,  keep  out  of  this  war.  They  did  not 
because  they  could  not  and  ought  not. 

They  could  not  because  war  is  no  longer  the  affair 
of  those  countries  alone  that  engage  in  it.  War  to-day  is 
fought  with  the  whole  strength  of  a  nation,  involving  not 
only  all  its  man  power,  but  all  its  industry  and  commerce 
as  well;  and  with  the  growth  in  interdependence  of  all 
countries  the  life  of  every  neutral  state  is  certain  to  be 
involved  in  any  war  on  a  large  scale.  Its  interests  and 
its  rights  are  of  necessity  endangered.  Moreover,  since 
war  has  become  so  organized  that  the  struggle  is  between 
the  whole  resources,  human  and  material,  of  the  contest- 
ants until  one  or  the  other  is  exhausted,  it  tends  to  become 
very  passionate,  and  very  regardless  of  the  rights  of  both 
belligerents  and  neutrals  in  the  effort  to  win.  From  a 
war  so  conducted  we  could  not  with  honor  and  safety 
have  kept  out  if  we  would;  and  this  our  people  began  to 
see  when  Germany  declared  that  she  should  renew  the 
ruthless  use  of  submarines. 

Even,  if,  by  a  loss  of  self-respect  and  by  abandoning  the 
rights  of  our  citizens  upon  the  sea,  we  could  have  kept 
out  of  war  we  ought  not  to  have  done  so ;  because  there 
is  something  better  in  life  than  selfish  ease  and  material 
prosperity,  better  than  life  itself,  and  that  is  the  civiliza- 
tion, the  moral  principles,  that  make  life  to  us  worth  living. 
It  is  hard  to  distinguish  sharply  in  our  thoughts,  as  Lincoln 
did.  between  the  men  we  are  fighting  and  the  principle 
we  are  fighting.  Xo  one  was  more  determined  than  Lin- 
coln to  crush  disunion  and  destroy  slavery,  and  yet  no  one 
had  less  rancor  against  the  men  who  had  been  deluded 
into  the  support  of  these  things.  Nevertheless  those  men 
had  to  be  fought  until  the  principle  was  settled  beyond 
dispute. 

Two  principles  are  arrayed  against  each  other  in  battle 
to-day.  One  is  that  might  makes  right,  that  the  fruits  of 
the  earth  belong  to  the  people  who  can  take  them,  that 
there  is  no  moral  obligation  superior  to  the  welfare  of 
the  state,  and  that  the  nation  strongest  in  arms  is  justified 
in  using  that  strength  relentlessly  to  push  aside  and 
trample  under  foot  any  people  which  stands  in  its  path 
of  expansion.  The  other  is  that  all  nations,  great  and 
small,  are  entitled  to  respect,  that  all  people  have  a  right 
to  justice,  and  that  every  being  capable  of  suffering  has  a 

*  Address  delivered  at  the  National  Convention  of  the 
LraKue  to  Enforce  Peace,  Philadelphia.  May  16.  1918. 
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claim  on  the  sympathy  of  man.  The  struggle  is  between 
autocratic,  pitiless  use  of  military  strength  on  one  side, 
and  liberty,  justice  and  humanity  on  the  other. 

We  arc  not  fighting  for  terms,  or  territorial  boundaries 
between  rival  powers.  If  we  were  they  could  perhaps  be 
settled  without  more  bloodshed.  There  is,  in  fact,  a  very 
grave  danger  from  a  misunderstanding  on  this  point. 

It  is  not  at  all  improbable  that  within  a  few  weeks 
Germany  may  propose  to  make  peace  on  terms  that  appear 
on  their  face  reasonable  and  moderate.  She  may  offer 
to  retire  from  Belgium  and  France  and  even  to  contribute 
toward  the  damage  suffered,  to  cede  Alsace  and  Lorraine 
or  leave  their  future  to  be  decided  by  plebiscite,  to  give 
the  Trentino  and  Trieste  to  Italy,  to  relinquish  all  claim  to 
the  captured  colonies,  to  promise  some  kind  of  autonomy 
to  the  various  races  in  Central  and  Eastern  Europe,  and 
to  agree  that  the  sinking  of  merchant  ships  by  submarines, 
the  dropping  of  bombs  by  aeroplanes,  the  use  of  poisonous 
gas,  and  the  other  barbarities  she  has  practised,  shall  not 
again  be  permitted  in  war.  Such  an  offer  would  be  highly 
seductive,  and,  if  we  are  not  prepared  to  understand  what 
it  means,  might  well  beguile  the  Allies  into  a  delusive 
peace.  The  peace  would  be  delusive,  for,  unless  the  princi- 
ple of  militarism  is  destroyed,  the  promises  would  be  kept 
no  better  than  those  broken  in  the  past.  Autonomy  of 
other  races  would  mean  their  organization  for  the 
strengthening  of  Germany;  until  she  had  control  of  the 
resources  of  a  population  of  two  hundred  millions  for 
her  next  war ;  and  the  abandonment  of  her  former  colonies 
would  be  made  only  with  the  hope  of  recoupment  in  South 
America  on  a  more  favorable  occasion.  Such  a  settle- 
ment would  be  a  mere  truce  pending  a  strife  more  fierce 
hereafter.  So  long  as  the  principle  is  not  overthrown, 
that  he  may  take  who  has  the  power  and  he  may  keep 
who  can ;  so  long  as  predatory  militarism  is  not  wholly 
destroyed,  as  slavery-  was  destroyed  by  our  Civil  War — 
a  result  which  no  one,  cither  North  or  South,  now  laments ; 
so  long  as  these  results  are  not  attained  no  lasting  peace 
can  be  made. 

If  the  upshot  of  this  war  is  inconclusive  the  whole 
world  will  be  preparing  for  another.  The  control  which 
within  the  last  century  science  has  given  us  over  the 
secrets  and  forces  of  nature,  instead  of  being  used  to 
increase  the  material  comforts  and  the  intellectual  and 
spiritual  elevation  of  mankind  will  be  exploited  for  the 
destruction  of  our  fellow  men.  In  the  last  three  years 
■  have  seen  to  what  uses  scientific  knowledge  can  be 
applied  in  war,  and  during  any  temporary  truce  men  of 
science  in  all  countries  will  devote  much  of  their  thought 
to  making  engines  more  destructive  and  more  deadly  for 
the  next  struggle,  which  will  be  well  nigh  a  war  of 
extermination. 

Civilization  as  we  know  it  has  reached  a  point  where 
it  must  preclude  war  or  perish  by  war,  and  war  can  be 
precluded  ony  by  a  conquest  of  the  world  by  a  single 
power,  or  by  an  organization  of  many  nations  to  prevent 
its  recurrence.  Germany  would,  no  doubt,  be  willing  to 
preclude  war  by  subjugating  the  world,  as  a  result  either 
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of  winning  this  war,  which  she  cannot  do,  or  of  better 
success  in  the  next,  an  idea  that  she  must  not  be  allowed 
to  entertain.  The  blood  already  freely  shed  by  brave 
men,  women  and  children  and  that  which  will  yet  be 
poured  out,  must  not  have  flowed  in  vain. 

The  principle  of  predatory  militarism  cannot  be  done 
away  unless  mankind  has  the  intelligence,  the  magnanimity 
and  the  determination  so  to  organize  itself  that  justice 
shall  take  place  of  violence  and  that  the  predatory  state 
shall  be  restrained,  by  force  if  need  be,  from  wanton 
resort  to  amis.  No  one  nation  can  do  this,  nor  can  it  be 
done  if  the  United  States  stands  aloof.  We  have  not 
met  here  to  discuss  the  details  of  such  a  plan.  Clearly 
it  involves  a  tribunal  and  other  appropriate  bodies  to  which 
dissensions  shall  be  submitted;  force  of  some  kind  strong 
enough  to  compel  resort  to  the  tribunal,  or  at  least  to 
prevent  an  appeal  to  arms  without  a  resort  to  the  tribunal ; 
and  organs  whose  duty  it  shall  be  to  foresee  and  remove 
sources  of  irritation. 

We  are  told  that  our  wise  fathers,  the  founders  of 
our  nation,  warned  us  to  beware  of  entangling  alliance*. 
They  were  great  because  they  looked  the  facts  of  their  day 
in  the  face,  discerning  clearly  the  signs  of  their  time:  and 
we  shall  follow  their  example  by  doing  the  same  in  our 
day.  They  made  a  closer  union  among  the  states  of  this 
land  and  thereby  prevented  war  between  them,  except 
over  a  difference  of  social  institutions  that  could  be  re- 
moved only  by  battle.  The  time  has  come  for  their  heirs 
to  take  part  in  a  League  of  Nations  to  maintain  an  endur- 
ing peace  here  and  elsewhere.  With  faith  in  our  purpose, 
with  constancy  in  effort  and  sagacity  in  action,  we  must 
finish  the  work  we  have  begun,  until  the  principle  for 
which  we  fight  stands  victorious  and  unquestioned;  and 
then  we  must  build  a  structure  that,  so  far  as  human 
wisdom  can  reach,  will  banish  the  scourge  of  war  among 
men. 

COAST  ARTILLERY  SCHOOL 
FORT  MONROE,  VA. 

Regarding  our  Heavy  (Coast)  Artillery: 

THIS  brief  article  is  written  for  the  information  of 
men  interested  in  the  Heavy  (Coast)  Artillery— 
particularly  those  intending  to  try  for  a  commission. 
First  and  foremost  any  man  who  hopes  to  be  an  officer 
in  the  United  States  Army  must  be  prepared  to  subject 
himself  to  discipline  and  to  work  his  hardest  cheerfully — 
your  enemy  is  doing  just  that.  Also,  your  enemy  "shoots 
well,"  so  to  outdo  him  you  must  be  prepared  to  assimilate 
all  the  details  you  can  find,  of  this  business  of  making 
war. 

The  Heavy  (Coast)  Artillery  is  furnishing  and  will 
continue  to  furnish  regiments  to  man  guns  of  six-inch 
calibre  and  above,  and  all  the  large  howitzers.  To  furnish 
the  requisite  number  of  officers  for  these  organizations 
a  three  months'  training  course  has  been  established  at 
Fort  Monroe.   F.ach  Saturday,  beginning  with  September 


14,  1918,  two  hundred  men  will  be  taken  into  the  School, 
and  upon  successful  completion  of  the  work  the  group 
will  be  commissioned.  While  waiting  for  your  turn  to 
enter  the  School  you  will  be  put  in  a  "reservoir"  company 
and  given  military  training  and  some  instruction  in  ele- 
mentary mathematics,  to  include  the  solution  of  plane  tri- 
angles (trigonometry)  and  the  handling  of  logarithms. 
It  is  expected  that  each  candidate  will  be  in  the  "reservoir" 
company  only  about  ten  days,  so  he  need  not  expect  to 
get  more  than  a  very  hasty  review  of  the  above  mathe- 
matical subjects  during  that  time.  It  is  essential  that  a 
candidate  have  a  thorough  working  knowledge  and  not 
merely  a  smattering  in  trigonometry  and  logarithms.  The 
work  will  begin  on  the  Monday  following  entrance  into 
the  School,  and  includes  work  on  all  of  the  different  guns 
and  howitzers,  including  drill  of  the  piece  in  each  case. 

The  course  does  not  necessitate  an  engineering  educa- 
tion or  any  particular  technical  training,  although  an 
engineering  or  other  technical  education  is  a  help  in  the 
School  and  an  asset  to  an  officer  in  the  service.  Some 
of  the  best  records  have  been  made  by  lawyers  and  busi- 
ness men  without  previous  experience.  It  requires  the 
proper  spirit,  proper  mental  altitude,  ordinary  intelligence, 
hard  work,  and  a  "full  day's  work  each  day."  The  idea 
of  those  in  command  is  twofold — first,  to  have  officers 
with  the  ability  to  command  troops ;  second,  to  have  those 
officers  able  to  make  hits  with  their  batteries. 

The  Heavy  (Coast  )  Artillery  has  the  equipment  and 
the  personnel  to  handle  this  School.  Those  in  charge 
have  been  on  the  Western  Front  and  know  what  should 
be  taught.  The  School  has  been  in  operation  continuously 
since  May,  1917.  Fach  month  instructors  are  sent  back 
from  the  American  Expeditionary  Force  to  keep  the  work- 
up to  the  standard  demanded  by  General  Pershing.  The 
land  target  range,  under  the  supervision  of  the  Com- 
manding General  of  the  Coast  Artillery  Training  Center, 
is  located  at  Camp  Fustis.  on  the  James  River,  near  at 
hand,  so  that  each  graduating  group  can  receive  practical 
instruction  in  firing  before  going  to  their  organizations. 

As  General  March,  the  Chief  of  Staff,  has  publicly 
announced  that  the  American  Army  in  France  will  number 
4,000.000  men  next  year,  the  Heavy  (Coast)  Artillery  will 
have  to  supply  its  share.  Therefore  the  Coast  Artillery 
School  is  prepared  to  consider  applications  from  any 
citizen  of  the  United  States  who  is  registered  for  military 
service.  The  camp  does  not  agree  to  accept  every  appli- 
cation—and does  not  in  any  sense  guarantee  a  commission 
to  those  who  are  accepted.  It  is  up  to  the  man  himself, 
with  all  the  help  we  can  give  him,  to  make  good. 

For  information  write  to: 

The  Commandant.  Coast  Artillery  School, 
Fort  Monroe.  Virginia. 
Attention  of  Communication  Officer. 

P.y  Order  ok  Lieutenant-Colonel.  Welshimer: 
C.  L.  Kilpurn. 

Captain,  C.  A.  C.  Secretary. 


ENGINEERS'     CLUB     OF     PHILADELPHIA  484 

Digitized  by  Google 


^iiiiiiiiiiiuiillillilii; 


iiiiiiiiiliillillliii 


ENGINEERS'  CLUB  OF  PHILADELPHIA 
iiniraMiiiiiiiiiiiiiiiiiiiiNiiiiiiiiiiiiiiiiin^iiiiiiiiiiiiiiiiiiiiiiiiii 


^^^^S^Ll.  SPLIT  ^^^^l 

PULLEYS 


Correctly  designed  for  maximum  strength 
with  light  weight.  Guaranteed  for  minimum 
belt  slip,  minimum  air  resistance,  double  belt 
service,  rim  speeds  up  to  6000  feet  per  minute. 

The  American  Pulley  Company 


Philadelphia.  Pa. 


1 


Valuable  book  "Getting 
Maximum  Pulley  Effi- 
ciency" »ent  free  on 
request. 


= 


r 


llllllliiiiiiiiiiiiiiliiiiiiiiiiiiii:ui 


lllllllllllllllllllllllllllli 
lllllllllllllllllllllli 


Manufacturers  of 


..... 


I  SHEARED  PLATES  I 


; 


: 


1 


Boiler  Plate* 


Flange  Platei 


Pig  Iron,  Basic  Open  Health  Steel 
Billets,  Blooms,  Slabs  and  Steel  Sheets 

Diamond  and  Ribbed  Pattern 
Rolled    Steel    Floor  Plat" 


Sim  FmnlthrJ  an  ,-l(»iV..r;on 


Widcner  Building,  PHILADELPHI  \ 

N*w  York  Poiloa  DdLw  San  Fr&nbKo 

niiuiitiiitiiiiiiiiitrjjjnitiiniTiiiiiriiuirimnanBUiiJui  iniMiiiiiiiitiiinHBHaiiiiiiiiiin  1111 !  ti  ii 

OCTOBER,     NINETEEN  H 


FORD 

TRIBLOC 


mm  %m,  •  u«aii|H  mm 

I     A  rnr>  Tllbloo  U  »  •»!•  u<  B^^HM       M      111  '  *       °  I  I 

■  iu»ndiov.i!»»ni  ■<>:»'•'<  m 

E^l  r»r  >  r«»«   A«»  tor  C.tUo,  3  -^L^-^-WM  / 

I   MM  ■■lull  J^M 


IIIRD  I  IIAIV  til  m  ti 

i  mm.  to»r\\\ 


llllllllllllllllllllliiii 


Tank  Plates  I 


THE  PHOENIX 
IRON  COMPANY 

STRUCTURAL 
STEEL  SHAPES 

Manufacturers  of 
Open  Hearth  Steel 

Work*: 

PHOENIX  V  II. 1.  F.  ,  PA. 

Main  Office: 
PHILADELPHIA,  PA. 

THE 

PHOENIX  BRIDGE 
COMPANY 

BUILDINGS,  BRIDGES 
and  other  STRUCTURES 

PHOENIX  VILLE,  PA. 


.!illlilllllliiilliiliiiiiiiiiiiii.*mni!iiiiiiM 

UNDRED     AND  EIGHTEEN 


GoogI 


COMMITTEE  ON  PAPERS 

LEWIS  H.  KENNEY,  Chairman 

REGULAR  MEETING 

At  Witherspoon  Hall,  Tuesday,  October  15,  1918,  8.16  P.  M. 

Mr.  Frederick  K.  Morris,  of  Columbia  University,  will  present  an  address 
entitled  "The  Fourth  Year." 

Illustrated  with  motion  pictures  and  lantern  slides. 
Members  of  Affiliated  Societies  are  cordially  invited  to  attend. 
Memtx-rs  of  the  Club  and  Affiliated  Societies  are  privileged  to  invite  ladies. 
Mr.  Morris  will  present  a  brief  review  of  the  events  that  led  up  to  the  situation  that 
existed  at  the  beginning  of  1918,   Then,  more  fully,  the  1918  campaign  will  be  considered, 
the  topography  of  the  country,  the  strategy  devised  by  the  Germans  in  each  of  their 
great  drives,  and  the  manner  in  which  these  attacks  were  met;  what  places  the  Allies 
yielded,  which  lines  and  places  they  stubbornly  held,  the  situation  when  the  attack  was 
renewed  along  the  Marne  salient  on  July  16,  and  the  series  of  counter-offensive  strokes 
by  which  the  Allies  regained  and  held  the  initiative.    No  one  should  offer  prophecies 
in  this  war;  but  in  their  stead,  the  strategic  possibilities  of  some  of  the  great  strongholds 
that  now  lie  before  our  armies  will  be  considered 

TUESDAY  NOON  LUNCHEONS 

The  Committee  on  Papers  desire  that  as  many  of  the  members  as  can  conveniently  do  so  arrange  to  attend  the 
Tuesday  Noon  Luncheons.  We  are  arranging  these  Luncheons  with  a  view  to  providing  informal  addresses  on  sub- 
jects which  will  interest  the  membership.  Arrangements  are  being  made  to  publish  some  of  these  addresses  in 
the  Journal. 

Opportunity  is  offered  at  these  Luncheons  for  the  President  to  present  matters  of  interest  to  the  membership, 
and  it  is  the  intention  of  the  Committee  that  they  also  serve  as  a  forum  for  the  membership. 

The  following  schedule  of  speakers  has  been  arranged: 
October      1    Mr.  John  H.  Mason.  President,  Commercial  Trust  Company  .—"Our  Privilege  to  Help  Win  the  War." 
October     8   Mr.  Thornton  Lewis:— "Some  of  America's  Explosive  Plants." 
October    15   Sydney  Young,  Esq. :—" America  and  the  War." 

October    22   Mr.  H.  A.  Hornor,  Emergency  Fleet  Corporation: — "The  Animal  Engineer." 
October    29   Dr.  Hetvrv  Leffmann : — "The  Chemist  and  the  Chemical  Engineer  in  Modern  Warfare." 
November  5    Maj.-Gen.  L.  W.  T.  Waller,  U.  S.  M.  C.:— "The  United  States  Marine  Corps." 
November  12    Philip  Francis  Nowlan: — "Sales  Engineering." 

November  19    Mr.  Geo.  S.  Webster,  Director.  Department  Wharves.  Docks  and  Ferries :— "The  Port  of  Philadelphia.'* 


COMMITTEE  ON  MEMBERSHIP 

PAUL  SPENCER,  Chairman 

CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  October  7  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club.  Philadelphia."  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 

FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 


GEORGE  ELL  WOOD  BURTON. 

1617  East  Berks  Street.  Philadelphia,  Pa. 
Assistant  Chief  Engineer,  Niles-Bement-Fond  Company, 
by  John  G.  Maguire  and  Linn  O.  Morrow. 


ANDREW  M.  CHESNEY, 

C/o  Canadian  Exposivcs  Limited,  Beloeil  Sta.,  Que..  Canada. 
Assistant  Works  Manager,  Canadian  Explosives  Limited. 
Proposed  by  Jacob  L.  Warner  and  Curtis  C.  Meigs. 


J.  PARSER  B.  ! "ISM. 
1317  Spruce  Street,  Philadelphia,  Pa. 
Engineer  and  Manager,  V.  P.  Fiskc  &  Co.,  Inc..  Boston, 
Proposed  by  Ctayton  W.  Pike  and  H.  F.  Sanville. 

ISAAC  STAHLEV  WALKER, 
594  Drexel  Building.  Philadelphia,  Pa. 
General  Manager,  New  Chester  Water  Co.  and  Allied  Com- 
panies. 

Proposed  by  R.  R.  Fernow  and  Daniel  A.  McCrudden, 
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The  Government  now  requests, 

and  from  necessity  probably  soon  will  de- 
mand, that  you  conserve  tin. 

If  you  are  a  purchaser  of  pig  tin,  or  of  tin  containing 
alloys  of  any  description,  write  us  and  we  will  gladly 
place  at  your  disposal  our  experience  of  thirty-eight 
years,  and  advise  you  if,  in  your  case,  less  tin  can 
be  used. 

In  making  our  recommendations,  we  shall  naturally 
bear  in  mind  that  it  is  necessary  at  least  to  maintain 
your  service  efficiency.  It  may  even  be  possible  to 
make  a  recommendation  to  you  which  will  not  only 
conserve  tin  but  increase  the  efficiency  of  your  alloy, 
and  save  you  money  besides.  We  have  found  it 
possible  to  do  this  in  many  instances. 

THE  AJAX  METAL  CO. 

ESTABLISHED  1880 

Main  Of  fir  r  and  Work*  Southern  Plant 

Philadelphia,  Pa.  Birmingham,  Ala. 
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Food  and  Money 

Play  as  important  a  part  in  the 
Teutonic  struggle  that  is  taking  place 
on  the  battle  fields  of  Europe  as  any 
other  element  that  enters  into  it.  You 
have  been  advised  and  begged  to  save 
your  food,  and  you  should  do  no  lass 
with  your  money.  Every  day  that  you 
save,  provided  you  invest  it  in  some 
Governmental  loan,  adds  to  your  effort 
in  bringing  the  War  to  a  successful 
issue,  and  while  you  are  saving  your 
dollars,  you  need  a  bank  account,  and 
convenience  for  the  saving  of  time  as 
much  as  anything  else,  so  when  you 
think  of  opening  one  come  to  the 

CENTER  OF  THINGS 

THE  THIRD  NATIONAL  BANK 
OF  PHILADELPHIA 

Opposite  Broad  Street  Station 
At  Broad  and  Market  Streets 


 l 


AMERICAN 
BUSINESS 

It  is  weesaary  to  start  now  to 
stabilize  business  for  "after  the 
war."  Markets  must  be  sus- 
tained and  developed.  New 
mm  Lets  rrrated.  This  mean* 
adrtrtivng.  and  best  of  all,  illvt- 
trated  adrtrtinng.  Whatever 
problems  you  may  have  in  pre- 
senting, your  proposition  graph- 
ically to  the  public  we  can  prob- 
ably help  you  »olve  them. 

II.  A  I  *uthH,  Tn*.       C.  A.  «*lMna.  V  rieM. 

Gatchel  &  Manning 

Photo-Engravers 

SitlK  ud  Cnettnut  Sued* 

Philadelphia 


BUY  LIBERTY  BONDS 
BUY  LIBERTY  BONDS 


E.  i.  ROOKSBY 


J.  G.  HAYDOCK 


E.  J.  Rooksby  &  Co. 

ENGINEERS  AND  MACHINISTS 

IthStTMt,  Pk 

Specialist*  in  Engine  Repairs 


«!-.  iwiai  Two  of  out  PoRahlr  Boris*  Ban  Rrborint  tbr  CrUodtr  m.:  Vi1t> 
— »••  «f  •  CorliM  Conor  n  uai  list 

Real  Service,  Reliable,  Efficient  and  Economical,  bas  caused 
our  man)'  patrons  to  think  "ROOKSBY"  when  they  need 
"Enifine  Repairs."  Call  on  us  when  you  need  our  das*  ul 
service,  either  emergency  or  routine,  and  you  will  also  tbiak 
"Rooksby."    We  await  your  call. 


x  11 


OCTOBER,     NINETEEN     HUNDRED     AND  EIGHTEEN 


SECRETARY'S  NOTICES 


SECRETARY'S  NOTICES 

A  REGULAR  MEETING  of  the  Club  will  be  held  Tuesday 
evening,  October  15. 1918,  at  8.15  o'clock,  at  Witnerspoon  Hall. 

H.  A.  STOCKLY, 
Stcr ttory. 

ABSTRACT  OP  MINUTES 

of  the  Special  Meeting  of  the  Club  held  Monday,  August 
12,  1918: 

The  meeting  was  called  to  order  by  President  Stevens 
at  12.30  p.m.,  and,  due  to  the  lack  of  a  quorum,  was 
recessed  until  Tuesday,  August  13,  at  12.30  p.m. 

ABSTRACT  OF  MINUTES 

of  the  Reconvened  Special  Business  Meeting  of  the  Club 
held  Tuesday,  August  13,  1918: 

The  meeting  was  called  to  order  by  President  Stevens 
at  12.30  p.m.,  and,  due  to  the  lack  of  a  quorum,  was 
recessed  until  Tuesday,  August  20,  at  12.30  p.m. 

ABSTRACT  OP  MINUTES 

of  the  Reconvened  Special  Business  Meeting  of  the  Club 
held  Tuesday.  August  20,  1918: 

The  meeting  was  called  to  order  by  President  Stevens 
at  12.30  p.m.  Fifty-five  voting  members,  being  more 
than  sufficient  to  constitute  a  quorum,  were  present. 

The  resolutions  approved  by  the  Board  (see  Abstract 
of  Minutes  of  Board  of  Directors'  meeting  of  August  6, 
1918),  authorizing  the  Club  to  raise  funds  as  therein 
prescribed,  were  unanimously  adopted,  and  the  Board 
instructed  to  take  any  or  all  necessary  steps  to  carry 
out  the  provisions  of  these  resolutions. 

The  meeting  adjourned  at  1  p.m. 

LETTER  BALLOT  OF  THE  BOARD  OF 
DIRECTORS 

Following  is  a  list  of  actions  taken  by>  letter  ballot 
of  the  Board  of  Directors,  as  of  September  17,  1918: 

Ballots  were  received  from  the  following:  President 
Stevens,  Vice- Presidents  Andrews  and  Wagner,  Treas- 
urer Kenney,  Past  President  Carter,  Directors  (iant, 
Long.  Spencer.  Swaab,  James,  Lauer,  Quimby,  Lee,  Ter- 
rell, N'ewkirk,  Murphy,  Barr  and  Douglas. 

The  following  members  were  elected  to  active 
membership : 

Sydney  Buckley  Charles  D.  Hickman 

Lewis  G.  Gillctt  Ray  L  Somers 

Mr.  F.  B.  O'Connor  was  transferred  from  Junior  to 
Active  membership. 

Announcement  has  been  received  of  the  death,  on  Sep- 
tember 10,  1918,  of  Mr.  Walter  M.  Stein,  who  was 
elected  to  Active  membership  December  21,  1915. 

The  Philadelphia  Section  of  the  Association  of  Iron 
and  Steel  Electrical  Engineers,  which  has  a  membership 
of  about  114,  was  elected  to  affiliation  with  the  Engineers' 
Club,  in  accordance  with  Article  XI,  Section  2,  of  the 
By-Laws. 

ENGINEERS'  CLUB 


ABSTRACT  OF  MINUTES 

of  the  Special  Meeting  of  the  Engineers'  Club,  held 
Monday,  September  16,  1918.  at  the  Bellevue-Stratford. 

The  meeting,  which  was  a  Joint  Meeting  of  the  Engi- 
neers' Club,  Philadelphia  Section  of  the  American  Institute 
of  Electrical  Engineers,  and  Philadelphia  Section  of  the 
Association  of  Iron  and  Steel  Electrical  Engineers,  was 
called  to  order  by  Mr.  J.  Franklin  Stevens,  at  8  p.m. 
About  400  were  in  attendance,  including  representatives 
from  the  principal  shipyards  on  the  Pacific  and  Atlantic 
coasts,  and  many  industrial  plants  throughout  the  United 
States. 

President  Stevens  opened  the  meeting  with  the  follow- 
ing address  of  welcome: 

I  wish  on  behalf  of  the  Engineers  of  Philadelphia  to 
greet  you  and  bid  you  welcome. 

We  engineers  of  Philadelphia  feel  honored  that  you 
have  chosen  our  city  for  this  important  meeting,  but  also 
feci  that  your  choice  was  logical,  for  here  was  born  the 
inventor  of  electric  welding,  here  electric  welding  was 
first  put  into  practice  on  a  large  commercial  scale,  and 
here  to-day  we  find  its  greatest  and  most  extensive  ap- 
plication in  our  great  Delaware  River  shipyards. 

This  meeting  is  held  under  the  joint  auspices  of  the 
Engineers'  Club  of  Philadelphia,  the  Philadelphia  Sec- 
tion of  the  American  Institute  of  Electrical  Engineers 
and  the  Philadelphia  Section  of  the  Association  of  Iron 
and  Steel  Electrical  Engineers;  and  I  am  catling  it  to 
order  as  the  President  of  the  Engineers'  Club,  the 
senior  of  the  three  societies. 

By  and  through  this  meeting  we  testify  to  our  interest 
in  and  pledge  our  assistance  to  the  Emergency  Fleet 
Corporation  and  all  other  agencies  of  the  Government 
engaged  in  work  of  an  engineering  character. 

As  we  have  before  us  a  program  which  will  fully  occupy 
our  time  and  a  discussion  which,  I  am  sure,  will  prove 
both  interesting  and  profitable,  1  will  not  infringe  on  your 
time  by  extending  my  opening  remarks,  but  will  proceed 
to  the  business  of  the  evening. 

President  Stevens  introduced,  as  Chairman  of  the 
meeting,  Professor  C.  A.  Adams,  President  of  the  Ameri- 
can Institute  of  Electrical  Engineers,  Chairman  of  the 
Electric  Welding  Committee  of  the  Emergency  Fleet 
Corporation,  and  Chairman  of  the  Electrical  Section  of 
the  National  Engineering  Council. 

Professor  Adams  presented  Mr.  H.  A.  Horner,  Head 
of  the  Electric  Welding  Branch  of  the  Emergency  Fleet 
Corporation,  who  delivered  a  paper  on  "Electric  Weld- 
ing—A New  Industry,"  illustrated  with  lantern  slides 
and  a  demonstration  of  arc  welding.  The  paper  was 
discussed  by  Messrs.  Lincoln.  Talbot.  Frees,  Howslag. 
Wanatnaker,  Reed,  Bigelow,  Poole,  Stevens.  Hilton, 
Jasper  Cox,  Allison,  Gravell,  Ewerdz.  Armstrong,  Kin- 
cade.  Dudley  and  Snyder. 

The  meeting  adjourned  at  10.30  p.m. 

H.  A.  Stocklv, 

Secretary. 
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I   SWIND  MACHINERY  COMPANY 

MACHINERY  MERCHANTS 


1110  Widener  Building 


Philadelphia,  Pa. 


ENGINES 
DERRICKS 


HARDWARE 


1744 

jJ.JAC0BSHANN0N8.C0. 

^  Market  Street 
philadelphia 

^ CONTRACTORS i 
EQUIPMENT, 


CONCRETE 
MIXERS 


HENRY  Dt  HUFF 


STEEL  PLANT  AND  ROLLING 
MILL  CARS 


De  HUFF  and  HOPKINS 

MORRIS  BUILDING  11  PHILADELPHIA 

Mechanical  Equipment  and  Supplies 

BUDA  ELECTRIC  STORAGE  BATTERY  Industrial  Trucks 
and  Tractors. 

EASTON  CAR  &  CONSTRUCTION  *CO.,  Industrial  Cars 

and  Equipment. 
GEO. D.WHITCOMB  CO.EIcctric andGasolincLocomotivcs. 
McNEIL  Charging  Barrows,  Steel  Barrows. 
JOYCE  CRIDLAND  LIFTING  JACKS. 
COFFIN  VALVE  CO.,  Sluice  Gates  and  Valves. 


GEO.  A.  HOPKINS 


WOODOLEUM 
FLOORING 

For  the  Home,  Store,  Factory,  Etc. 


WOODOLEUM  LASTS  A  LIFETIME 
Our  Work  Done  Many  Years  Ago  Is  Still  Perfect 

The  best  regulated  and  largest  corporations  in  the  country 
use  and  endorse  "Woodoleum." 

TI1F.HK  IS  BUT  ONK  WOODOLKUM— ACCEPT  SO  IMITATIOS 

WOODOLEUM  MFG.  CO.  203P^^u^!dln« 


WINDOW  GLASS 


PLATE  GLASS 


Beit  Brnndi  American  Window  Glaii,  Ornamental 
and  Sky-Lijht  GUji    Wire  Glau — French 

Plato  Mirror* — Glazieri'  (Kamonds 
Greenhouse  Clau,  Glaii  for  Conservatories 

BENJAMIN  H.  SHOEMAKER 

20$.  307.  209  and  211  N.  Fourth  St..  Phila. 
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COMMITTEE  ON  NATIONAL  SERVICE 


GUILLIAEM  AERTSEN,  Chairman 

ADDITIONS  AND  CORRECTIONS  TO  HONOR  ROLL  PUBLISHED  IN 
THE  SEPrEMBER  JOURNAL 

Abbey,  J.  F  Lieutenant  4ih  Student  Co..  En*.  Off.  Training  School  ,  .  Camp  Humphreys,  Va. 

Allen,  J.  G..__  1st  Lieutenant   Co.  "D,"  56th  Infantry  -  American  Expeditionary  Forces,  via  New  York 

Althocsb,  A.  K  Co.  5,  Engineer  Officers'  Training  School   Camp  Humphreys,  Va 

Bbll,  F.  F  Captain   Air  Service  Flying  School   Gerstner  Field,  La. 

Brown,  W.  L     ...  331  Temple  St.,  New  Haven,  Conn. 

Chance,  T.  M   Major  Chemical  Warfare  Service,  N.  A   Edgcwood  Arsenal,  Baltimore.  Md. 

Column,  G.  K..  3rd  Training  Com|«any,  C.  A.  C   Port  Monroe,  Va. 

Corson,  W.  C  .   A.  &  M.  College   College  Station,  Texas 

Derby.  C.  F   .    .  .Captain   Ordnance  Department  Aberdeen  Proving  Ground,  Md. 

EaGA.n,  G.  A  Captain  Ordnance  Department     

Essick.  P.  J„  Ju,  Lieutenant.  Co  "A,"  5th  Infantry  Camp  Beauregard.  Alexandria,  La. 

Prank,  A  -  2nd  Lieutenant . .  .           540  Sen-ice  Battalion.  Engineers  Camp  Humphreys,  Va. 

Galloway.  J.  W...   Lieutenant    Engineers.  U.  S.  A   4075  Market  St.,  Philadelphia 

Goo—,  H.,  J-  Lieutenant  U.  S.  Naval  Reserve  \  ^29*G^#J2^^ 

Hinton,  J.  C  1st  Lieutenant   Engineers  Corps.  U.  S.  A.   Camp  Humphreys,  Va. 

Hixmb,  N  1st  Lieutenant  .      .     {458  ^tpT^t  ^         |A.  P.  O.  760,  Amencan^Expeditionary  Forces, 

Kellogg.  L.  P   {°m^iI:^T^h^0t0T)  Camp  Joseph  E.  Johnston.  Pk>rid. 

Lawson,  W  Captain   Supply  Co..  109th  Infantry. .  American  Expeditionary  Forces,  via  New  York 

MCCRACKEN.  S  L        Camp  Lee,  Va. 

McCAVSLANP,  J-  R-      .  Master  Engineer   R.  T.  O.  Sanenay,  Base  701  American  Expeditionary  Forces,  via  New  York 

Mahan.  J.  H   .  -  Lieutenant   Signal  Corps.  Gerstner  Field,  Lake  Charles,  La. 

Miller,  J.  B.  R  1st  Lieutenant  .  .  Chemical  Warfare  Service   Camp  Humphreys,  Va. 

Radrr.  H    ...1st  Lieutenant  Quartermaster's  Corps ...  1422  Massachusetts  Ave.  N.  W.,  Washington,  D.  C. 

Ritchie.  J.  M  Major   Motor  Transportation  Corps.  Washington,  D.  C- 

Smith,  Godfrey  D  Lieutenant   _  1 12th  Infantry  American  Expeditionary  Forces,  via  New  York 

Smith,  Xanthus  R  1st  Lieutenant  Ordnance  Department,  U.  S.  A.  Winchester  Repeating  Arms  Co.,  New  Haven,  Conn. 

Stone,  H.  B    Central  Machine  Gun  Officers'  Training  Cam  >   Camp  Hancock,  Ga. 

Thomson,  H.  A  1st  Lieutenant ...    In  care  of  Utilities  Officer    Camp  Hancock,  Ga. 

Uhlhr.W.  D...         ..Lieutenant  Colonel   Motor  Transportation  Corps    Washington,  D.  C. 

Wheeler.  R.  C  -  Captain    Port  Utilities  Officer   .   Newport  News,  Va. 


JUNIOR  SECTION 

WILMER  Z.  KLINE,  Chairman 


The  first  meeting  this  year  will  be  held  on  Tuesday 
evening,  October  8th,  at  the  Club  House.  No  formal 
paper  will  be  presented,  but  a  very  prominent  speaker 
will  talk  on  a  subject  of  general  interest.  There  will  be 
plenty  of  smokes  and  refreshments,  and  as  the  affair  is 
intended  to  promote  good-fellowship  and  sociability,  all 


members  are  urged  to  be  present  and  to  bring  a  friend  or 
two  with  them. 

The  November  meeting  will  be  a  joint  meeting  with 
the  Philadelphia  Radio-Engineering  Society  and  will  be 
held  in  the  Club  House.  Mr.  C  L.  Ballantine  will  present 
a  paper,  "The  Theory  and  Operation  of  the  Electron  Relay 
with  particular  reference  to  Electric  Communication." 

4gr 
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For  Economy  Use 
OTTO 
Gas  and  Gasoline  Engines 

The  first  cant  is  practically  the  list.  They're 
sturdy,  trustworthy,  ami  rarely  need  repair*. 
More  than  100,000  in  use.    Stork  designs  up  to 
•10  H.  P.  ready  for  early  delivery. 

Importastt — As  kerosene  ii  cheaper  than  gasoline.  • 
great  saving  in  operating  coat  can  be  effected  by  equip* 


ping  your  CHto  with  our  kerosene  burning  attachment. 

Abo — u»e  Otto  Kiiajlii*  Oil  and  buy  your  Edison 
Battery  renawslt  (rum  us. 

Mtiicnrioai — Consult  us  before  purchasing. 

Otto  Engine  Mfg.  Company 

Suceetnort  to  thr  Olio  Gat  Engine  Work*. 

3217  Walnut  Street  Philadelphia,  Pa. 

15-17  South  Clinton  Street  Chicago,  111. 


BRIDGMAN  BROS.  CO. 


Wrought  Pipe 

Plumbing  Supplies 


12!  to  131  So.  31st  St 


Philadelphia 


Manufacturers  sad  Jobbers  oi 

Iron  and  Brass  Valves,  Fittings,  Etc. 
for  Steam,  Gas,  Water  and  Oil. 


Steam  and  Hot  Water  Boilers — 
Radiators— Pipe  Cut  to  Sketch 


The  Baldwin  Locomotive  Works 


PHILADELPHIA,  PA. 
asanas  aa 


STEAM  LOCOMOTIVES 

for  all  classes  of  service 

GASOLINE  LOCOMOTIVES 

for  light  industrial,  contractors'  and  switching  service 
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PHILADELPHIA  SECTION 
AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS 


\V.  F.  James,  Chairman 


OCTOBER  MEETING 

The  October  Meeting  wil!  be  a  National  Meeting. 
It  will  be  held  in  Philadelphia,  October  11th,  and  will 
consist  of  afternoon  and  evening  sessions  and  a  boat  trip 
on  the  Delaware  River. 

The  afternoon  session  will  be  devoted  to  the  discus- 
sion of  "mine"  problems,  solved  electrically,  and  the 
evening  session  to  Engineering  Research. 


E.  B.  Tutile.  Secretary 

Bell  Telephone  Building 
if..H  Arch  Street. 

It  is  expected  that  this  will  be  a  joint  meeting  with 
the  American  Physical  Society,  who  will  continue  their 
session  Saturday. 

The  meetings  on  Friday  afternoon  and  evening, 
October  Uth.  will  be  in  the  Bellevue-Stratford  Hotel, 
and  an  informal  dinner  will  fill  the  time  between  the 
afternoon  and  evening  sessions. 

Members  of  the  Engineers'  Club  and  affiliated  societies 
are  welcome  to  attend  the  meetings  and  the 


PHILADELPHIA  SECTION 
ASSOCIATION  OF  IRON  AND  STEEL  ELECTRICAL  ENGINEERS 


D.  M.  Perry,  Chairman 

The  first  monthly  meeting  of  the  Philadelphia  Section 
of  the  Association  of  Iron  &  Steel  Electrical  Engineers, 
season  of  1918-1919,  will  be  held  on  Saturday,  October  5, 
1918,  at  the  Engineers'  Club,  1317  Spruce  Street. 

"Klectric  Furnaces"  is  the  subject  of  the  evening. 

Mr.  George  H.  Schaeffer,  Electrical  Engineer  of  the 
i  arpenter  Steel  Co.,  Reading,  Pa.,  will  present  the  elcc- 


Lt.vx  O.  Momow,  Secretary 
loth  and  IlRmUtnn  Streett 

trical  side  of  the  subject,  and  Mr.  L.  B.  Lindemuth,  Sup- 
erintendent of  the  Crucible  and  Electric  Furnace  Depart- 
ments of  the  Bethlehem  Steel  Co.,  South  Bethlehem,  Pa- 
will  present  a  paper  on  the  Electric  Furnace  from  the 
metallurgical  standpoint. 

The  meeting  will  start  promptly  at  8  p.m.,  and  wil  be 
preceded  by  an  informal  get -acquainted  dinner,  starting 
promptly  at  6  p.m. 


EASTERN  PENNSYLVANIA  CHAPTER 

AMERICAN  SOCIETY  HEATING  AND  VENTILATING  ENGINEERS 

E.  T.  Mirhhv,  Chairman  A.  P.  Goldsmith,  Secretary 

J5W  N.  Broad  St. 

The  subject  of  his  discourse  will  be,  "Coal  Conserva- 
tion," which,  in  the  face  of  the  fuel  situation  and  coming 
cold  weather,  should  be  both  timely  and  welcome. 

Mr.  Haynes  is  an  authority  on  this  subject  and  what 
he  has  to  say  is  always  interesting  to  his  hearers. 

A  large  attendance  at  this  opening  meeting  is 
anticipated. 


The  Eastern  Pennsylvania  Chapter  of  the  American 
Society  of  Heating  and  Ventilating  Engineers  will  resume 
their  regular  monthly  meetings  on  Thursday  evening, 
October  10th,  at  8  o'clock,  at  the  Manufacturers'  Club, 
with  a  talk  by  Mr.  Charles  Haynes,  of  the  Haynes 
Selling  Co. 


POSITIONS  OPEN 

Wanted  :  Young  man  as  Engineer  of  Tests,  to  take  in  steam  Wanted :  Construction  Engineer — familiar  with  electrical  sub- 
boilers,  engines,  turbines,  electrical  equipment,  gas  producers  and  station  construction  and  wiring.  Work  is  in  connection  with 
furnaces.  Should  be  technical  graduate.  Practical  experience  electric  heat  treating  and  melting  furnaces.  (The  work  comes 
not  necessary  if  applicant  has  technical  training  along  this  line.  under  aircraft  and  emergency  Meet  classification.)  Apply  No. 
Apply  Nn.  246-A.  Engineers"  Club.  24H-A,  Engineers'  Club. 
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Designing  and  production  engineer  wishes  permanent 
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superintendent  of  sheet  metal  plant.  Age  35;  married.  Apply 
Mo.  222,  Engineers'  Club. 

ENGINEERS'     CLUB     OF    PHILADELPHIA  488 

Digitized  by  Google 


THE 


JOURNAL 


VOL.  XXXV-11 


OF  THE  ENGINEERS'  CLUB  OF  PHILADELPHIA 

AND  AFTIUATED  SOCIETIES 

NOVEMBER,  1918 


NO.  168 


ELECTRIC  WELDING  AS  APPLIED  TO  STEEL 
SHIP  CONSTRUCTION 


A  series  of  discussions  held  under 
the  auspices  of  the  Electric  Welding 
Branch  of  the  Education  and  Training 
Section  of  the  U.  S.  Shipping  Board. 
Emergency  Fleet  Corporation. 


Fifth  Discussion 


s:r.',m- 


A  COMPARISON  BETWEEN  AMERICAN  AND 
BRITISH  PRACTICE  IN  ELECTRIC  WELDING* 

By  COMMANDER  S.  V.  GOO  DA  LI. 
Naval  Coiutrurtur,  British  Navy 

T'VTITH  respect  to  their  attitude  towards  electric 
YA/    welding  the  various  practical  shipbuilders  in 
America  and  Great  Britain  may  be  divided, 
roughly,  into  three  classes. 

First :  The  very  few  who  speak  as  though  a  riveted 
joint  were  the 
most  sacred  and 
efficient  institu- 
tion ever  con- 
ferred by  Divine 
Providence  upon 
unworthy  man. 

Second :  The 
very  few  (l>er- 
S  o  n  a  1 1  y,  the 
writer  has  not 
met  a  single 
one)  who  speak 

and    dream    of    V?       a****/  hn<'^oJr*.va 

Mi. St.      **„ Sit 

ess     ships    ir  ywra  *ig»«  *V<,«Va// 


rivetless  ships 
and  noiseless 
shipyards,  peo- 
pled largely  by 
women. 


Finally,  there  is  the  great  majority  of  shipbuilders 
who  are  too  busy  to  develop  new.  though  promising, 
methods,  but  who  will  employ  any  new  process  as  soon 
as  they  are  convinced  that  this  is  worth  doing.  To  these 
ar.:  commended  the  matter  and  spirit  of  this  paper,  and 
their  attention  called  to  the  attitude  of  the  British" Ad- 
miralty, the  United  States  Navy  Department,  Lloyd's 
and  the  American  Bureau. 

In  October,  1917,  not  a  very  recent  date,  considering 
the  rate  at  which  scientific  matters  now  progress,  the 
British  Admiralty  called  a  conference  of  some  of  the 
most  experienced  constructors  from  various  navy  yards, 
and  some  of  their  recommendations  were  as  follows: 
( 1 )  Although  the  covered  electrode,  or  quasi-arc, 
process  of  electric  welding  could  not  be  advan- 
tageously adopted  in  all  cases  as  a  substitute  for 
the  present  process  of  drilling,  riveting,  caulking, 
etc.,  yet  its  use  would  undoubtedly  result  in  a  great 
reduction  in  the  labor  involved  in  such  processes. 
2)  White  it  was  not  considered  that  any  ad- 
vantage  would  accrue 
from  the  application  of 
this  process  to  the  pres- 
ent arrangements  of  riv- 
eted non-watertight  laps, 


SKETCH  1. — MIDSHIP  SECTION  OF  ARC-WELDED  BARGE.  LENGTH,  125' 9".  BREADTH,  16' 4".  DEPTH  MOULDED.  7'  9".  DEADWEIGHT 
CAPACITY,  200  TONS.  FRAMES.  2K"X  W'Xji"  ANGLES.  FLOORS,  7"*3>*"x  V  ASca.ES.  SHEU.  AND  PECK  PLATING,  So"  TO  S»".  SHELL  PLATING 
JOGGLED  AND  LAPPED  AT  EDGES,  FLUSH  BUTTS  WITH  STRAPS.     DECK  PLATING  STRAPPED  IH'TTS. 


•  Delivered  in  the  auditorium  of  the  Engineers  Cluh  of  Philadelphia.  Wednesday,  July  31.  1918. 
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butts,  stiffeners,  etc.,  all  watertight  work  of  this 
nature  could  probably  be  well  and  efficiently  per- 
formed with  economy  in  labor,  by  increasing  the 
rivet  spacing  as  much  as  possible,  consistent  with 
the  proper  closing  of  the  work,  and  supplement- 
ing this  by  covered  electrode  arc  welding  to  meet 
the  requirements  for  strength  and  watertightness. 
(3)  By  this  system  the  process  of  water-testing 


SKETCH  2  — CLINKER  SYSTEM— SECTION  SHOWING  WELDED  SHELL 
PLATING. 


would  be  greatly  facilitated,  with  a  corresponding 

saving  in  time  and  labor. 
The  United  States  Navy  Department,  Lloyd's,  and 
the  American  Bureau  have  sanctioned  the  use  of  elec- 
tric welding  for  angle  staples,  plate  staples,  and  similar 
watertight  work,  in  addition  to  its  general  use  on  such 
work  as  securing  fittings,  etc.,  to  watertight  bulkheads 
and  decks,  whereby  not  only  are  time  and  labor  saved, 
but  better  watertightness  is  obtained. 

Passing  now  to  specific  examples  of  electric  weld- 
ing, we  will  first  speak  of  the  American  practice.  It 
will  be  quickly  seen  that  American  and  British  prac- 
tice differ  very  considerably.  In  Great  Britain  the 
process  invariably  used  is  the  quasi-arc,  since  British 
engineers  have  found  the  flux-covered  electrode  and 


this  system  the  best  they  have  so  far  tried.  We  have, 
however,  an  open  mind  and  a  desire  to  reduce  costs,  so 
that  any  other  system  will  find  a  fair  field  and  no  favor. 

AMERICAN  WELDING  PRACTICE 

The  following  extracts  from  letters  which  the  writer 
has  received  from  some  of  the  leading  shipyards  in 
America  may  be  illustrative  of  the  typical  jobs  to  which 
electric  welding  is  applied  in  the  United  States: 


We  have  been  using  electric  welding  for  the  past  four 
years,  and  although  it  has  been  developed  to  quite  an  ex- 
tent, we  feel  that  much  more  work  can  be  done  by  this 
method,  as  soon  as  the  various  inspectors  realize  the  full 
value  of  electric  welding  and  will  allow  its  more  exten- 
sive use. 

Referring  to  your  request  for  facts  relative  to  the 
saving  of  time,  labor  and  money  which  have  been  effected  by 
the  adoption  of  electric  welding:  The  developments  in  con- 
nection with  electric  welding  have  been  so  rapid  and  the 
uses  to  which  it  has  been  put  have  been  so  extensive  that 
we  have  not  attempted  to  obtain  comparative  costs  between 
this  and  other  methods,  having  contented  ourselves  with  the 
very  evident  economy  obtained  by  the  electric  method. 

We  are  not  in  sympathy  with  the  completely  welded 
ship  idea,  but  believe  there  is  a  happy  medium  limiting  the 
extent  of  the  electric  welding,  which,  to  a  great  degree,  i* 
determined  by  the  personnel  of  the  welding  department  and 
the  experience  to  those  who  outline  the  work  to  be  done 
by  the  electric  method. 

BETHLEHEM  SHIPBUILDING  CORPORATION : 

We  are  in  the  yard  welding  all  the  non-strength  clips 
and  fittings  to  the  destroyers,  such  as  furniture  clips,  cocoa- 
matting  strips,  backing  strips  for  sheathing,  shelf  clips,  etc 
The  welding  of  these  small  jobs  eliminates  the  work  of 
punching  the  clips,  laying  off  for  drilling,  bolting  up  and 
finally  riveting.  This  work,  it  will  be  noted,  is  very  much 
scattered,  and  therefore  comes  under  the  shipyard  term  of 
"  odd  work."   Odd  work  is  necessarily  very  costly. 

The  above  jobs  arc  now  bring  done  at  a  very 
reduced  cost  and  very  much  less  time.    «   »  ■ 

THE  PANAMA  CANAL,  DEPARTMENT  OP  OPERATION  AND 


It  may  seem  like  a  strange  assertion  to  state  that  we 
do  not  employ  anglesmiths  in  the  shops,  but  we  do  not 
require  them — all  our  angles  are  welded  together  by  the 
oxy-acetylenc-  and  electric-welding  processes. 

Frames,  staples,  webs,  brackets,  sheet-iron  and  steel 
Imjxcs,  leaky  joints  on  ships'  bottoms,  plates  of  tanks,  pipes 
and  fractures  in  all  kinds  of  ship  machinery  are  welded;  in 
fact,  electric  welding,  oxy-acctylene  welding  and  cutting  and 
oxy-hydrogen  cutting  arc  so  extensively  used  in  ship  work 
that  they  have  become  practically  indispensable  in  their  use 
to  the  Mechanical  Division  on  account  of  the  big  saving  in 
time,  labor  and  cost. 

From  our  own  experience  and  through  keeping  in 
touch  with  this  line  of  work  being  carried  on  in  the  indus- 
trial establishments  in  the  States  and  elsewhere,  we  have 
come  to  the  conclusion  that  oxy-acetylene  or  electric  arc  and 
spot  welding  in  their  present  staRe  of  development  cannot 
supplant  all  watertight  ship  work  that  is  now  being  done  by 
riveting,  but  it  will  be  only  a  matter  of  time,  due  to  the 
rapid  strides  made  in  the  development  of  autogenous  welding 
outfits,  when  all  obstacles  in  this  line  of  work  will  be  over- 
come. 
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THE  SUBMARINE  BOAT  CORPORATIOF : 

We  are  welding  approximately  sixty  frames  on  each 
ship  in  addition  to  doing  a  great  deal  of  miscellaneous  weld- 
ing in  connection  with  outlining  of  ships.  The  welding  in 
outfitting  has  not  yet  fully  developed.  By  this,  I  mean 
that  we  arc  daily  finding  additional  places  where  electric 
welding  can  be  used  to  advantage,  and  we  are  strongly 
inclined  to  push  the  use  of  welding  to  the  limit,  for  the 
reason  that  we  find  it  considerably  cheaper  than  angle-smith- 
ing work  for  frames,  and  considerably  cheaper  and  faster 
than  drilling  and  tapping  deck  beams  and  bulkheads  for 
attaching  miscellaneous  small  brackets. 

THE   NORFOLK  WAVY  YARD: 

In  the  first  discussion  of  this  series,  the  work  being 
done  at  the  Norfolk  Navy  Yard,  where  an  electrically 
welded  battle-practice  target  is  under  construction,  has 
been  described  by  Naval  Constructor  H.  C  Knox, 
U.  S.  N.,  and  will  not  be  taken  up  in  detail  in  this 
paper.  It  may  be  well  to  note,  however,  that  this  struc- 
ture is  composed  of  simple  plate  work  with  no  liners 
and  no  curved  plates,  and  that  while  it  is  a  good  design 
to  start  on,  it  has,  however,  because  of  lack  of  curved 
surfaces,  the  disadvantage  that  it  docs  not,  in  this  par- 

The  work  done  at  Hog  Island  was  described  by  Mr.  Ander- 
ton  in  the  October  Journal  of  the  Engineers'  Club  of  Phila- 
delphia. 


ticular,  apply  to  the  conditions  existing  in  an  ordinary 
ship — particularly  to  a  merchant  ship. 

The  joint  between  the  flat  keel  and  side  keel  plates 
and  the  joint  for  attaching  plates  at  right  angles  appear 
to  the  writer  to  be  amply  strong  and  likely  to  remain 
watertight  longer  than  a  riveted  joint.  The  welds, 
however,  are  heavy  and,  according  to  British  experi- 
ments, they  will  be  extremely  costly,  compared  to 
riveting.  Further,  on  account  of  inaccessibility,  it 
would  appear  that  good  welding  would  be  difficult  to 
obtain. 

On  the  other  hand,  this  design  will  serve  to  demon- 
strate whether  it  is  easier  to  work  plates  transversely 
or  longitudinally,  and  whether  the  difficulties  antici- 
pated from  unusual  shrinkage  are  the  same  in  both 
cases.  When  complete,  this  structure  will  not  be  sub- 
jected to  such  a  variety  of  complex  live  loads  as  a  ship, 
but  at  various  times  in  its  career  it  will  be  subjected 
to  considerable  shock,  so  that  valuable  experience  will 
be  obtained. 


Before  leaving  American  practice,  a  few  words 
should  be  said  about  spot  welding.  Professor  Comfort 
Adams  has  given  his  opinion  as  follows : 


4. — CLINKER  SVSIBW—R.XPANS.ION  Of* 
I  NO  LAPS  AND  B1TTS. 


SIIKLL  PLATING  SHOW- 


Electric  spot-welded  joints,  properly  made,  are  stronger 
than  riveted  joints. 

The  total  labor  required  for  the  welding  of  a  given 
number  of  spots  is  about  one-quarter  to  one-fifth  of  that 
required  for  the  same  number  of  rivets. 

The  only  fear  that  has  been  expressed  by  anyone  in 
connection  with  die  application  of  spot  welding  to  ship- 
building is  that  crystallization  may  develop  as  a  result  of  the 
ship's  vibration.  It  is  the  opinion,  however,  of  some  very 
able  shipbuilders  that  the  intensity  of  the  vibrational  stress 
in  the  structure  of  the  ship  is  not  sufficient  to  warrant  this 
fear.  In  any  case,  it  is  hoped  to  plan  such  vibrational  tests, 
in  connection  with  the  work  of  this  sub  committee,  as  to 
clear  up  this  point. 

Everyone  with  whom  I  have  talked  on  this  subject 
agrees  that  the  probable  gain  by  the  substitution  of  spot- 
welded  for  riveted  joints  in  shipbuilding  is  so  great  as  to 
warrant  the  expenditure  of  every  effort  to  give  it  a  thorough 
trial. 
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SKETCH  5. — CLINKER  SYSTEM— SECTION    AT  C-C   SHOWING  METHOD 
OF  WF.LOINC  AT  LAP  OF  BULK0  PLATING. 

Shipbuilders  in  Great  Britain  would  be  very  glad 
to  profit  from  American  experience.  They  certainly 
fear  crystallization,  the  possibility  of  a  poor  joint 
through  some  defect  between  the  faying  surfaces,  and 
also  that  the  joint  may  ultimately  fail  through  one  weld 
being  poor  or  taking  an  undue  share  of  the  load. 

BRITISH  WELDING  PRACTICE 

Passing  now  to  British  practice,  and  taking  up  first 
the  question  of  repairs,  the  following  typical  instances 
are  illustrative  of  the  very  broad  held  to  which  electric 
arc-wclding  has  been  applied  in  Great  Britain,  with 
great  savings  in  both  time  and  expense: 

In  one  case,  a  ship  with  a  number  of  fractures  in 
the  bottom  plating  was  repaired  by  welding  up  the 
cracks  after  they  had  been  "vecd."  This  work  was 
accomplished  in  sixteen  hours,  whereas  the  renewal  of 


ELECTRICALLY  WELDED  CAST  STEEL  STEM  WHICH  HAD  BEEN  BROKEN 
INTO  FIVE  PIECES. 
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plating  would  have  involved  the  loss  of  that  ship's 
services  for  many  days. 

In  another  case,  a  steel  stem  casting  broken  into 
five  pieces  by  collision  was  repaired  in  seven  days. 
To  obtain  a  new  casting  would  have  required  four  to 
five  months. 

In  other  cases,  ships  which  were  experiencing 
trouble  through  leaky  butts  straps  were  repaired  by 
welding  a  thin  strip  over  the  joint  and  a  satisfactory 
result  obtained.  To  fit  a  double  strap  outside  the  ship 
(the  practice  before  electric  welding  was  introduced) 
would  have  involved  much  time  and  labor  and  would 
not  have  been  very  satisfactory,  causing  a  poor  surface 
and  a  poor  joint. 

The  reinforcement  of  badly  pitted  plates  is  another 
of  the  uses  to  which  electric  welding  has  been  applied 
in  ship  repair  during  the  present  war. 

ELECTRICALLY  WELDED  BARGE* 

The  construction  of  this  ship  (see  sketch  Xo.  1)  is 
similar  to  that  of  a  riveted  ship.  The  plates  were 
bolted  up  when  the  parts  were  assembled,  and  after 
welding  the  bolts  were  removed  and  replaced  by 
[dugs,  which  were  welded  up  flush  with  the  plating. 

The  plates,  etc.,  arc  comparatively  light  and  easy 
to  weld,  the  only  difficulty  in  the  thin  plates  being 
that  the  plate  may  be  grooved  along  the  weld  if  the 
operator  is  not  particularly  careful. 

The  type  of  joint  used  in  this  construction  was 
chosen  with  the  purpose  of  making  as  much  as  pos- 
sible of  the  welding  horizontal,  so  as  to  render  good 
work  more  easily  obtainable. 

EXPERIMENTS   DESIGNED   TO   SHOW   THE   RELATIVE  MERITS 
OF  WELDED  AND  RIVETED  SHIP  CONSTRUCTION 

Wc  now  come  to  two  of  the  most  interesting  appli- 
cations of  electric  welding  to  ship  construction  so  far 
attempted  in  Great  Britain.  The  two  ships,  sections  of 
which  are  shown  in  sketches  Nos.  2  and  3,  had  a  por- 
tion of'  the  side  plating — on  one  side  of  each  vessel 
only — electrically  welded.  The  other  side  of  each  ship 
was  riveted  in  the  usual  manner.  In  one  case,  sketches 
Nos.  4,  5,  6,  and  7,  the  plating  was  worked  on  the 
clinker  system  ;  in  the  other,  sketches  N'os.  8,  9.  10.  and 
11,  on  the  raised  and  sunken  system.  Ordinary  ship 
construction  was  followed  in  both  cases,  and  although 
the  sketches  do  not  show  the  most  curved  portion,  the 
curvature  of  the  shell  is  very  evident.  The  shape  of 
the  shell  and  the  restricted  space  between  it  and  the 
longitudinal  bulkhead  rendered  the  work  extremely 
difficult,  and  under  more  straightforward  conditions 
better  results  should  be  obtained. 

THE  CLINKER  SYSTEM 

Referring  first  to  the  clinker  system,  it  will  be  noted 
(see  sketch  No.  2)  that  the  joint  of  the  lapped  edge  is 

•  For  particulars  relative  to  this  work  the  writer  U  indebted 
to  Captain  Caldwell  and  the  Quasi-Arc  Company. 
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horizontal  and  made  in  the  open  by  a  continuous  weld. 
Rivets  with  non-watertight  spacing  were  worked  and 
an  intermittent  weld  applied  to  the  lower  edge. 
If  well  made,  such  a  joint  is  quite  as  good  and  almost 
as  cheap  as  a  double-riveted  lap.  The  joints  of  the 
bulkhead  plates  are  made  similarly.  Attention  is 
called  to  the  bulb  stiffeners  at  CC  and  to  the  joints  at 
BR  and  AA  as  illustrative  of  the  difficulties  that  arise 
in  actual  ship  construction  such  as  this. 


these  cases  there  is  considerable  difficult  welding,  such 
work  is  less  likely  to  give  trouble  by  leakage  than 
ordinary  riveted  and  caulked  liners  and  joints.  In  this 
sketch  it  may  be  noted  that  in  the  connection  of  the 
bulkhead  to  the  shell  the  boundary  bar  is  fastened  by 
rivets  with  non-watertight  spacing,  a  continuous  weld 
being  worked  along  the  keel  and  intermittent  welds  at 


SKETCH  6-  -CLINKER  SYSTEM— SECTION  AT  D-B  SHOWING  METHOP  OF 
WELDING  TAPERED   LINER  AT  LAP   OF  SHELL  PLATING. 

In  sketch  No.  4  the  butts  of  the  shell  plating  arc 
indicated.  The  joints  arc  between  frames  and  the 
strap,  which  is  5fi  inches  wide,  is  worked  on  the  inside, 
connected  by  rivets  with  non-watertight  spacing,  and 
the  butt  welded  from  the  outside.  Such  a  joint,  if 
well  made,  is  quite  as  strong  as-a  double-riveted  single- 
butt  strap,  is  slightly  cheaper,  and  remains  watertight 


SKETCH    8.— RAISED   AND    SI'S' KEN    SYSTEM— EXPANSION    OF  SKEL 
PLATING  SllOWISti  LAPS  AND  BtTTS. 

the  toes  of  the  bar  at  the  bulkhead  and  shell  plating. 
This  is  an  interesting  comparison  with  American  ideas 
in  regard  to  right-angle  connections.  Incidentally,  it 
may  be  added  that  the  ordinary  frames  arc  riveted  to 
the  shell. 
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SKETCH  7. — CLINKER  SYSTEM- SECTION  AT  AA  SHOWING  MB  THUD  OF 
WELDING  TAPERED  LINER  AT  LAP  OK  BILK* 


SKETCH  9. —  RAISED  AND  SI  NKEN  SYSTEM  AND  CONTINUOUS 
WELDS—  C-C  SECTION  SHOWING  METHOD  OF  WELDING  AT  LAP  OF 
BIXK"  PLATING. 


at  greater  loads— an  important  point  often  overlooked. 

Sketch  No.  5  shows  a  section  through  the  bulkhead 
lap.  It  is  of  interest,  as  it  somewhat  resembles  a  shell 
plate  joint  at  a  frame. 

The  additional  welded  work  necessary  where  a  tap- 
ered liner  is  fitted  in  order  that  the  bulkhead  angle 
may  pass  fairly  from  one  strakc  of  shell  plating  to  the 
other  is  shown  in  sketch  No.  6.  Similar  work  is  shown 
in  sketch  No.  7,  where  the  bulkhead  angle  passes  from 
one  strake  of  bulkhead  plating  to  another.    While  in 


THE  RAISED  AHD  SUJIKBll  SYSTEM 

The  remaining  sketches  show  similar  work  on  the 
second  ship,  plated  on  the  raised  and  sunken  system. 
Note,  in  sketch  No.  3,  that,  in  addition  to  this  difference, 
the  bulkhead  boundary  bar  has  a  continuous  weld  at  the 
toe.  both  at  the  shell  and  the  bulkhead.  This  work 
was  done  for  comparison,  but  it  is  hoped  that  experi- 
ence on  service  will  show  such  extra  work  unnecessary. 

Sketch  No.  8  shows  the  riveted  edges  and  butts. 
There  is  a  continuous  weld  on  the  outside  and  inside 
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of  the  laps,  whereas  in  the  other  ship  (sketch  No.  4) 
there  was  an  intermittent  weld  on  the  inside.  Further, 
on  account  of  the  strake  being  a  raised  one,  the  liner 
extends  the  whole  width  instead  of  tapering,  so  that 
additional  welding  is  involved. 

B-B  n 


SKETCH  10.-RAISKD  AND  SUNKEN  SYSTEM  AND  CONTINUOUS  WELDS. 
[  SECTION.  SHOWING  METHOD  OF  WELDING  BULK*  TO  SHELL  PLATING. 


~  Sketch  No.  9  shows  the  welding  at  a  lap  of  bulk- 
head plating,  and  is  similar  to  the  work  (sec  sketch 
No.  5)  on  the  clinker  system  ship. 

Sketch  No.  10  shows  the  bulkhead  boundary  bar, 
with  its  three  continuous  welds  instead  of  one  contin- 
uous weld  at  the  heel  and  two  intermittent  welds  at 
the  toes,  as  shown  in  sketch  No.  7. 

Sketch  No.  11  shows  the  considerable  welding 
where  the  boundary  bar  passes  over  the  lap  of  the  bulk- 
head plating  and  a  raised  strake  of  shell  plating,  neces- 
sitating two  sets  of  liners. 

SUMMARY  OF  RESULTS  OBTAINED 

The  following  interesting  experience  has  been  ob- 
tained from  this  work: 

In  the  case  of  the  clinker  system,  where  there  was 
no  overhead  work  on  the  outside  of  the  ship,  the  plating 
was  practically  watertight  on  the  first  test;  but  in  the 
other  ship,  on  water-testing,  the  laps  which  had  been 
overhead-welded  on  the  outside  leaked,  and  difficulty 
was  experienced  in  overcoming  the  leaks.  In  the  case 
of  slight  leaks  being  discovered  under  test  in  compart- 
ments which  have  been  caulked  in  the  usual  manner, 
the  defects  can  generally  be  made  good  while  the  water 
remains  in  the  compartment.  In  the  case  of  welded 
work,  however,  it  has  been  found  that  the  presence  of 
water  makes  welding  practically  impossible;  so  that, 
to  remedy  leaks  by  welding,  it  is  necessary  to  empty 
the  compartment.  In  the  ship  on  the  raised  and  sunken 
system  the  tests  occupied  a  longer  time  than  usual,  and 
it  is  therefore  proposed  that  with  future  welded  work 
the  tests  preliminary  to  a  final  water  test  should  be 


applied  by  air  pressure.  This  would  probably  enable 
leaks  to  be  detected  and  made  good  without  delay. 

It  is  expected  that  as  experience  is  gained  the 
results  will  be  more  satisfactory,  but  it  is  not  antici- 
pated that  it  will  be  practicable  to  apply  welding  to  all 
parts  of  a  ship's  structure  on  account  of  the  unrelia- 
bility of  overhead  welding,  and  it  does  not  seem  likely 
that  welding  will  entirely  supersede  riveting  for  non- 
watertight  work — at  any  rate,  not  for  some  appreciable 
time. 

The  clinker  system  was  shown  to  be  decidedly 
superior  to  the  raised  and  sunken  system,  and  the 
advisability  of  welding  up  work  at  the  early  stages 
when  it  was  more  accessible  was  clearly  demonstrated. 


SKETCH  11. — RAISED  AND  SUNKEN  SYSTEM  AND  CONTINUOUS  WELDS. 
A-A>ECTION  SHOWING  METHOD  OF  WELDING  BK»  IN  WAKE  OF  LINERS. 


Sununing  up :  American  and  British  practice  differ 
in  the  following  interesting  points: 

Americans  favor  spot  welding  for  bracket  and  such- 
like connections,  while  the  British  prefer  riveting. 

For  right-angle  watertight  connections  the  Amer- 
ican practice  tends  to  heavy  welding,  the  British  to 
riveted  angles,  the  rivets  being  widely  spaced  and 
backed  up  by  lighter  welding,  or  to  notch  angles  with 
light  intermittent  welding. 

For  butts,  notched  or  riveted  straps  with  widely 
spaced  rivets  and  one  run  of  heavy  welding  at  the  joint 
are  preferred  by  the  British  instead  of  a  strap  lightly 
arc-welded  to  the  plates  with  heavy  welding  at  the 
joint,  which  appears  the  present  tendency  in  America. 

For  plate  edge  joints,  British  practice  favors  a 
riveted  lap  with  widely  spaced  rivets,  while  the  Amer- 
ican practice  is  to  dispense  with  riveting  entirely. 

Finally,  experience  in  Great  Britain  shows  that  at 
present  arc  welding  should  not  be  applied  to  mild  steel 
plates  of  greater  thickness  than  25  pounds,  nor  can  it 
yet  be  used  on  galvanized  or  high  tensile  steel ;  but  the 
writer  has  heard  of  no  such  limits  being  imposed  in 
this  country. 


NOVEMBER.     NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


ELECTRIC  WELDING 


Sixth  Discussion. 

ELECTRIC  WELDING  PRACTICE  AT  THE  SUB- 
MARINE BOAT  COMPANY'S  PLANT* 

By  CLARK  HENDERSON, 

Plant  Manager,  Submarine  Boat  Company. 


WITH  no  conception  of  the  later  uses  which  have 
been  found  for  electric  welding  in  connection 
with  ship  construction  at  the  Submarine  Boat 
Company's  yard,  some  of  us  who,  prior  to  coming  to  the 
company,  had  had  more  or  less  experience  with  electric 
welding,  thought  that  in  some  places,  at  least,  welding 
could  be  used,  and  with  no  more  definite  purpose  in  view, 
ordered  an  electric  welding  outfit.  That  equipment  had 
not  been  very  long  in  the  plant,  however,  before  it  was 
found  that  it  was  busy  all  of  the  time.  From  that  time 
new  applications  have  come  up  almost  continuously,  until 
at  the  present  time  about  six  hundred  operations  are  per- 
formed by  electric  welding;  and,  in  the  writer's  opinion, 
this  extension  of  electric  welding  to  ship  construction  will 
continue  until  the  completely  welded  ship  is  realized. 

FIELD  WORK  VS.  DBSIOH 

In  electric  welding,  as  well  as  in  any  other  experience 
of  the  writer's  in  the  development  of  new  methods,  the 
pioneer  work  was  done  in  the  field.  At  the  beginning  an 
absolute  antagonism  was  felt  by  our  designers  against 
electric  welding  in  any  of  its  phases  in  connection  with 
ship  construction,  with  the  result  that  a  start  was  made 
only  as  the  desires  and  the  necessities  of  the  shop  for  a 
quicker  and  cheaper  process  compelled  the  field  men  of 
themselves  to  search  for  better  methods.  It  was  in  this 
way  that  electric  welding  was  started  in  the  Submarine 
Boat  Company's  plant. 


VIEW  OF  ONE  OF  THE  SUBMARINE  BOAT  COMPANY'S  WELDING  SHOPS 
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Good  suggestions  are,  however,  now  coming  from  the 
designers  and  others  who,  at  the  start,  were  most  strongly 
prejudiced  against  the  work,  and  who  are  being  won  over 
in  spite  of  themselves,  although,  as  yet,  it  has  not  been 
possible  to  persuade  the  draughnng-room  to  plan  electric 
welding  operations  in  advance  of  field  performances. 
Nevertheless,  it  is  confidently  expected  that  within  the 
next  eight  months  or  a  year  those  who  have  no  interest 
in  ship  construction  other  than  design  will,  due  to  the 
results  accomplished  in  the  field,  substitute  electric  weld- 
ing for  much  of  the  work  in  which  they  now  call  for 
riveting. 

WELDIFJO   TRAINING  SCHOOL 

The  difficulty  of  securing  a  sufficient  number  of  good 
operators  became  early  apparent,  Fortunately,  however, 
the  Submarine  Boat  Com  pail)  seut  one  of  their  most 
capable  and  intelligent  welders  to  the  Emergency  Fleet 
Corporation's  training  school  for  instructors  at  Newport 
Xews,  and  he  came  back  a  competent  instructor.  From 
this  beginning  the  company  has  been  able  to  organize 
their  own  training  school,  which  has  worked  out  so  suc- 
cessfully that,  due  to  the  time  and  money  lost  in  otherwise 
determining  the  competency  of  new  applicants,  it  is  now 
being  considered  whether  it  would  not  be  advisable  to 
require  all  applicants  hired  at  the  gate  to  pass  through 
this  training  school,  so  that  the  acceptance  or  refusal  of 
their  services  could  be  determined  there  in  advance  of  any 
trial  in  the  field. 

D.  C.  VS.  A.  C.  EQUIPMENT 

At  the  beginning  of  our  electric  welding  work,  we  had 
at  our  plant, naturally, the  same  ideas  prevailing  elsewhere, 
viz.,  that  welding  should  be  done  with  direct-current 
equipment  under  conditions  of  approximately  constant 
current  and  a  fairly  low  voltage.  After  experimenting 
with  one  type  of  apparatus  after  another,  and  after  ob- 
taining data  from  other  places,  we  felt  that  wc  had  more 
or  less  exhausted  the  possibilities  of  the  direct-current 
field,  and  that  good  welding  was,  after  all,  up  to  the 
operator. 
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About  this  time  the  writer  became  interested  in  the 
alternating-current  welding  equipment,  and  finally  came 
to  the  conclusion  that  there  was  little  or  no  doubt  but  that 
the  arc  was  more  difficult  to  maintain  with  an  alternating 
welder  than  with  a  direct-current  machine.  With  this  in 
mind,  the  thought  came  that,  because  of  the  difficulty  in 
maintaining  the  arc,  it  would  be  a  good  idea  to  use  alter- 
nating equipment  in  our  welding  school,  the  theory  being 
that  an  operator  who  had  become  efficient  in  maintaining 
an  alternating  arc  would  find  work  with  D.  C.  equipment 
comjwrativcly  easy. 

In  using  A.  C.  equipment  in  the  training  school,  while 
it  was  found  that  it  was  almost  impossible  to  maintain  a 
long  arc  with  this  apparatus,  and.  as  a  consequence,  A.  C 
welding  seemed  slower  than  D.  C.  welding,  it  was  also 
found  that,  due  to  the  shortness  of  the  arc  that  could  be 
maintained,  the  molten  metal  from  the  electrode  always 
seemed  to  drop  on  that  part  of  the  surface  which  was  at 
welding  temperature.  Therefore,  a  good  weld  was  ob- 
tained, or  none  at  all. 

In  addition  to  this  feature,  as  compared  to  D.  C.  equip- 
ment, alternating-current  machines  have  the  advantage 
of  less  first  cost,  and,  consequently,  less  stand-by  loss; 
they  are  lighter,  and  hence  more  easily  moved  to  any  part 
of  the  ship;  they  have  no  moving  parts,  ami  therefore 
are  not  only  more  cheaply  maintained,  but  can  be  used 
from  ]K)sitions  in  which  it  would  not  be  possible  to  place 
rotating  apparatus. 

On  the  other  hand,  we  have  found  that  alternating- 
current  machines  arc  harder  to  use  on  overhead  welding; 
somewhat   slower  than   D.   C.   equipment;   and  that 
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considerable  precautions  must  be  taken  to  avoid  a  low- 
]«nvcr  factor  and  the  unbalancing  of  the  system. 

BASIS  OF  WELDER'S  COMPENSATION 

I'iece  work  has  tn-i-ii  adopted  iti  our  plan;,  in  addi- 
tion to  the  hourly  rate  fixed  by  the  (iovernmcnt,  for  the 
reasons  that  we  are  not  only  willing  to  pay  better  wages 
to  the  more  skilful  and  energetic  operators,  but  because  we 
find  that  it  is  necessary  under  this  system  to  lay  out  the 
work  more  carefully,  so  that  the  workmen  shall  lie  caused 
no  delay  due  to  lack  of  prompt  and  efficient  supervision. 

In  piece  work  the  prices  paid  are  based  on  pounds  of 
metal  dejHJsited  plus  an  allowance  for  time  lost  in  setting 
up  the  job  and  getting  it  out  of  the  way,  so  that  a  proper 
balance  might  be  struck  between  the  man  on  jriece  work 
requiring  heavy  welding  and  the  operator  on  a  job  requir- 
ing only  light  welding  and  a  corresponding  greater  Iom 
of  time  in  changing  from  one  job  to  another. 

Bearing  these  points  in  mind,  the  following  rules  have 
been  used  with  considerable  success : 

1.  All  work  must  be  set  up  and  laid  out  for  the  welders. 

2.  Welders  must  use  wire  up  to  within        inches  of 

the  electrode. 

3.  Work  must  pass  the  Government  inspection,  all 

defective  work  being  charged  to  the  operator. 
4  In  case  of  siiccial  jobs,  the  same  shall  be  paid  for 
at  the  existing  rates. 

5.  In  case  of  shortage  of  piece  work,  day  rates  now  in 

effect  will  apply. 

6.  Operators  will  be  given  class  of  work  which  is  in 

accordance  with  production  requirements. 
Working  under  these  conditions,  and,  further,  with 
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the  men  understanding  that  the  best  operators  would  be 
given  an  Opportunity  to  select  piece  work,  wc  have  found 
that  not  only  is  the  work  speeded  up,  but  that  the  men 
have  done  satisfactory  welding  and  at  the  same  time 
earned  about  25  per  cent,  more  wages. 

INSPECTION  AND  TESTING 

The  acceptance  or  rejection  of  both  time  and  piece 
work  is  based  primarily  on  ihe  inspection  of  the  Govern- 
ment In  piece  work,  however,  no  payment  is  made  until 
our  own  inspecton  and  supervisors,  either  through  super- 
ficial examinations,  such  as  those  that  can  be  made  with  a 
hammer,  or  by  hydraulic  or  tensile  tests  are  satisfied  with 
the  work. 

In  the  shops,  where  one  man's  entire  time  is  devoted 
to  inspection,  in  addition  to  such  assistance  as  the  fore- 
men can  give,  we  have  no  great  difficulty  in  exercising 
close  supervision,  although  in  the  case  of  welding  on  the 
ship,  one  man,  having  in  charge  four  or  five  welders, 
may  find  that,  at  tinu-s,  his  men  are  Spread  out  over  a 
radius  of  an  eighth  of  a  mile,  and  that,  therefore,  the 
same  attention  to  the  work  of  each  cannot  be  maintained. 
Up  to  the  present  time,  however,  wc  have  used  welding  on 
eleven  ships,  with  the  result  that,  although  most  of  this 
work  was  for  water-  or  oil-tightness,  we  have  hail  to 
reweld  on  very  few  occasions. 

PLANT  LAYOUT 

Present  plans  for  the  Submarine  Boat  Company's 
plant  contemplate  one  electric  welding  outfit  |k.t  way. 
one  for  each  of  the  shops  at  the  dock,  and  about  twenty 
for  the  welding  school.  The  writer  is.  however,  firmly 
convinced  that  before  completion  each  way  will  have  four 
welding  outfits.  I'p  to  the  present  we  have  been  using 
D.  C.  equipment  in  the  shops,  but  now  that  such  encour- 
aging results  have  been  obtained  with  alternating  current 
it  is  planned  to  give  the  shops  both  systems. 

W  hen  completed,  the  plant  will  have  ten  635  H.P,  and 
two  350  H.P.  motors,  in  addition  to  the  several  rotaries, 
so  that  it  is  felt  that  the  question  of  power  factory  will 
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not  come  up.  With  so  many  welding  outfits  in  use,  we 
lielieve  that  it  will  be  possible  to  arrange  for  a  distribu- 
tion of  operators  over  the  various  circuits  in  such  a  way 
as  to  avoid  any  serious  unbalancing  in  the  alternating 
current  system. 

ELECTRIC  WELDING  APPLICATIONS 

As  previously  mentioned,  about  six  hundred  opera- 
tions are  performed  by  electric  welding  on  each  hull  built 
by  the  Submarine  Boat  Company.  Some  of  the  typical 
work  is  shown  in  the  accompanying  photographs. 

A  few  of  the  many  other  applications  which  may  be 
of  interest  are: 

The  splicing  of  electric  welding  of  sheet  piling  used 
in  the  construction  of  cofferdams  in  the  erection  of  the 
plant  where  deeper  water  was  encountered  than  was  esti- 
mated ;  the  welding  of  plates  cracked  in  the  vicinity  of 
the  punching  during  the  process  of  fabrication ;  the  weld- 
ing of  leaky  rivet  heads;  the  comers  of  hatch  coamings, 
and  a  great  variety  in  both  repair  and  new  work  of 
welding  for  water-  or  oil-tightness. 

CONCLUSION 

So  far  as  our  present  experience  has  gone,  it  appears 
to  us  that,  all  things  considered,  the  alternating-current 
practice  is  better  than  the  direct  current,  with  the  pos- 
sible cxce|>tion  of  overhead  welding;  that  with  bare 
electrodes  it  is  perfectly  jiossible  to  do  satisfactory  work, 
and  at  a  lesser  cost  than  with  covered  electrodes;  and 
that  the  very  material  saving  already  found  in  both  time 
and  expense  in  the  present  limited  application  of  electric 
welding  to  ship  construction  will  continue  to  be  found 
until  riveted  fabrication  is  entirely  supplanted. 

On  the  other  hand,  with  an  art  that  is  developing  so 
rapidly,  we  realize  that  no  final  conclusion  can  now  be 
reached,  and  wc  arc,  therefore,  prepared  to  take  up  new- 
ideas  or  new  phases  of  old  ideas  as  they  may  appear. 

(The  concluding  discussions  will  be  published  in  Ihe  Decem- 
ber issue  n/  ihe  Journal.) 
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THE  MANUFACTURE  OF  ORDNANCE 
FORGINGS* 

By  GEORGE  SATTERTH WA1TE,  Member 


.-/  general  description  of  the  various 
methods  ond  dex'ices  used  in  the  manu- 
facture of  ordnance  forgings. 


BY  referring  to  the  Century  Dictionary,  published 
in  1917  by  the  Encyclopaedia  Britamiica  Press, 
we  find  the  following  definitions  of  the  words 
"Ordnance"  and  "Forging": 

Ordnance  (S'oun).  The  general  name  for  all  kinds  of  weapons 
in  warfare ;  cannon  of  all  kinds  including  mortars,  howitzers, 
artillery.  As  a  technical  term  it  designates  all  heavy  piece! 
fired  from  carriages. 

Forging  <\oun).  A  piece  of  worked  metal,  as  in  iron  or  steel; 
and 

To  Forge  (Verb).    The  act  of  heating  or  working  iron  or  steel. 

From  the  above  we  see  that  the  word  "Ordnance" 
is  a  generic  term,  and  while  technically  it  may  be  cor- 
rectly applied  only  to  certain  definite  things  like  heavy 
guns,  it  has  come  in  the  popular  mind  to  include  prac- 
tically everything  with  which  a  soldier  or  an  army  or 
a  navy  makes  war  upon  his  enemy.  For  the  purpose  of 
this  paper,  however,  "Ordnance"  will  be  arbitrarily 
divided  into  the  following  classes:  Cannon,  Shells, 
Armor  and  Miscellaneous. 

Under  "Cannon"  will  be  included  rifles,  both  small 
and  large,  howitzers,  mortars,  trench  mortars,  el  cetera. 

Under  "Shells,"  armor  and  deck  piercing  pro- 
jectiles, high  explosive  shells,  shrapnel,  gas  shells  and, 
in  general,  everything  that  is  propelled  by  any  of  the 
various  weapons  included  under  cannon  for  the  pur- 
pose of  doing  damage  to  an  enemy. 

Under  "Armor"  will  be  included  everything  from 
the  thin  steel  shield  or  helmet  to  the  heaviest  port  plate 
armor  of  the  battleship. 

And  under  "Miscellaneous"  all  other  articles 
and  parts  of  articles  used  by  the  army  or  navy  for  the 
purpose  of  inflicting  damage  upon  the  enemy. 

By  referring  again  to  the  dictionary  we  note  that  the 
name  "Forging"  means  "a  piece  of  worked  metal,"  and 
in  this  paper  "Ordnance  forging"  will  mean  the  semi- 

•Presented  before  the  Philadelphia  Section,  American,  Society 
of  Mechanical  Engineers,  May  28,  1918,  at  the  Engineers'  Club. 
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finished  article  out  of  which,  by  further  machine  work 
and  assembly  with  other  articles  or  parts  of  articles, 
is  made  the  finished  piece  of  ordnance,  whether  a  Navy 
rifle  or  a  round  of  shrapnel. 

MECHANICS  AHD  METALLURGY 

The  manufacture  of  ordnance  forgings  made  of 
steel  involves  the  following  steps:  Making  the  ingot 
of  suitable  size,  shape,  composition,  el  cetera;  forging 
the  ingot  to  the  shape  desired;  heat  treating,  including 
annealing,  quenching  and  drawing  and  testing;  and 
machining.  The  metallurgical  principles  involved  ate 
simple  in  themselves  and  are  well  known  to  any  metal- 
lurgist familiar  with  the  manufacture  of  steel;  but  the 
application  of  these  simple  principles  to  the  large 
masses  of  metal  required  in  most  ordnance  work,  and 
the  elaborate  and  ponderous  mechanical  devices  neces- 
sary in  carrying  out  the  metallurgical  prescription,  call 
fur  skill  and  experience. 

In  these  steps  two  distinct  sciences  or  professions 
arc  involved — mechanics  and  metallurgy— and  it  is  the 
necessarily  close  co-ordination  between  these  sciences 
that  renders  the  manufacture  of"  ordnance  forgings  not 
only  interesting,  but  also  difficult  and  hazardous.  For 
instance,  the  heat  treatment  of  a  gun  forging  consists 
usually  of  three  steps : 

First,  an  anneal  after  forging,  usually  at  a  tempera- 
ture above  the  critical  temperature,  for  the  purpose  oi 
relieving  forging  strains,  securing  the  desired  degree 
of  grain  refinement  and  softening  for  machinery. 

Second,  a  quench  in  some  medium  from  above  the 
critical  temperature  ;  and — 

Third,  a  draw  to  relieve  the  quenching  strains,  and 
to  give  the  desired  physical  properties. 

These  are  the  same  steps  that  are  applied  in  the 
heat  treatment  of  an  automobile  axle  weighing  50 
pounds,  but  their  application  to  a  large  gun  tui>c,  65 
feet  long,  weighing  75,000  pounds,  calls  for  extreme 
engineering  skill. 

The  art  metal  worker  who  shapes  by  hand  on  his 
anvil  a  beautiful  piece  of  ornamental  iron  work  need 
not  know  much  about  the  metallurgy  of  iron,  but  lie 
must  be  a  very  skilful  mechanic ;  the  making  of  mil- 
lions of  wire  nails  or  tacks  a  day  is  not  a  serious  metal- 
lurgical problem  but  is  a  beautiful  example  of  mechan- 
ical ingenuity  ;  the  making  of  a  good  car  axle  involves 
more  metallurgical  consideration  than  the  two  former 
examples,  but  still  docs  not  call  for  any  great  skill  <" 
knowledge  in  this  science.  The  making  of  thousands 
of  shrapnel  or  high  explosive  shell  bodies  per  day  on 
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one  machine  is  primarily  a  mechanical  problem,  though 
much  consideration  must  be  given  to  metallurgy, 
whereas  the  making  of  armor-piercing  projectiles, 
armor  plate,  gun  forgings  and  parts  of  airplane  motors 
and  automobile  torpedoes  requires  first  of  all  a  thor- 
ough understanding  of  the  metallurgical  principles 
involved  and  the  skill  and  experience  necessary  to 
combine  those  principles  with  the  ofttimcs  difficult 
mechanical  problems. 

Before  considering  the  manufacture  of  particular 
items  of  ordnance,  it  may  be  well  to  describe  briefly 
the  equipment  required  to  carry  out  the  various  steps 
of  manufacture,  which  equipment  is  common  to  all  arti- 
cles of  ordnance,  differing  principally  in  size  and  other 
details. 

MAKING  THE  IHGOT 

Originally  the  crucible  was  used  almost  entirely  for 
making  all  high-grade  steels,  but  in  recent  years  the 
development  of  the  open-hearth  furnace  has  made  it  a 
close  rival  in  quality  with  the  crucible.  As  a  crucible 
pot  rarely  holds  more  than  100  pounds  of  metal,  it  can 
be  seen  how  difficult  it  would  be  to  make  an  ingot 
weighing  100,000  pounds  by  this  method,  though  up  to 
a  few  years  ago  a  prominent  foreign  ordnance  maker  did 
make  large  ingots  from  the  crucible,  this  being  possible 
only  by  using  a  very  great  number  of  men  carefully 
trained  and  drilled— a  beautiful  example  of  team  work. 

Very  recently  the  electric  furnace  has  been  used 
for  making  ingots  for  ordnance  forgings,  but  as  the 
electric  furnace  is  usually  of  but  six  tons  capacity,  only 
ingots  for  the  smaller  forgings  can  be  cast.  The  open- 
hearth  remains,  therefore,  the  principal  means  of  mak- 
ing ordnance  steel— the  most  popular  size  being  of  50 
tons  capacity. 

Any  type  of  fuel  suitable  for  heating  open-hearth 
furnaces  is  satisfactory  for  ordnance  work,  though 
producer  gas  and  crude  oil  arc  used  most  extensively. 
Consideration  must  be  given,  however,  t^»  the  design 
of  the  furnace  for  ordnance,  particularly  to  the  shape 
and  dimensions  of  the  hearth — it  being  necessary  to 
secure  a  satisfactory  relation  among  the  length,  width 
and  depth  of  the  bath.  In  general,  however,  any  well- 
designed  furnace  can  be  used  to  make  good  ordnance 
ingots.  As  the  acid  bottom  is  more  generally  used 
than  the  basic,  great  care  must  be  exercised  in  selecting 
the  proper  raw  materials,  not  only  to  meet  the  chemical 
specifications,  but  to  insure  the  necessary  purity  of  the 
steel.  Assuming,  then,  an  ordinary  well-designed  fur- 
nace, the  secret  of  making  good  ordnance  ingots  lies, 
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first,  in  the  proper  handling  of  the  metal  in  the  furnace 
and,  second,  in  the  method  of  pouring.  Opinions  vary 
among  experts,  but  in  the  writer's  belief,  the  making  of 
the  ingot  is  by  far  the  most  important  step  in  the  manu- 
facture of  ordnance  forgings. 

The  two  great  American  ordnance  makers,  both 
located  in  Eastern  Pennsylvania,  differ  widely  in  the 
details  of  open-hearth  practice  for  ordnance,  and  if  you 
want  to  "start  something,"  get  the  experts  from  both 
plants  discussing  this  subject.  Having  been  trained 
in  the  Forge  Department  of  one  of  these  plants,  and 
having  always  been  impressed  with  the  tremendous 
importance  of  forge  work.  I  must  admit  that  good 
ordnance  is  made  in  the  open-hearth  department,  the 
succeeding  steps  being  of  relatively  small  importance. 

A  few  of  the  many  much-discussed  important  points 
in  making  good  ordnance  ingots  arc  :  Method  of  solidi- 
fying or  killing  the  heat,  the  addition  of  finals,  the 
temperature  of  the  bath,  the  kind  of  slag,  the  time  of 
holding  in  the  ladle,  top  or  bottom  pouring,  chilled 
or  sand  mold,  big  or  little  end  up,  hot  tops,  rate  and 
temperature  of  pouring,  etc.,  etc. ;  but  the  most  minute 
and  careful  attention  must  lie  given  to  each  of  these 
points,  and  their  relation  one  to  the  other,  if  good 
ingots  are  to  be  made.  Even  after  a  satisfactory  pro- 
cedure is  laid  down  and  established,  it  requires  eternal 
vigilance  all  along  the  line  to  keep  up  the  established 
practice.  "Quality"  must  be  the  watchword  and  not 
"tonnage" — and  there  must  be  the  strictest  discipline 
in  the  open-hearth  to  see  that  each  step  is  properly 
carried  out  by  the  workmen,  very  few  of  whom  under- 
stand or  appreciate  the  importance  of  their  instruc- 
tions. A  good  ingot  will  make  a  good  gun  forging, 
but  all  the  skill  in  the  world  in  forging,  machining 
and  heat-treating  departments  cannot  make  a  good  gun 
forging  out  of  a  poor  ingot.  Up  to  the  present  time, 
the  manufacture  of  ordnance  has  not  been  a  production 
problem — rather  a  specialty;  the  orders  being  for 
ones  or  twos  or  dozens  of  a  thing ;  but  in  these  days, 
where  thousands  and  millions  are  required  instead  of 
ones  and  dozens,  tremendous  pressure  must  be  brought 
to  bear  by  the  management  to  keep  "quality"  ever 
uppermost.  It  should  be  borne  in  mind  that  in  the 
manufacture  of  ordnance  forgings  particularly,  the 
only  production  that  counts  is  the  production  that  goes 
out  the  gate  in  the  form  of  finished  material,  and  in 
ordinary  times  it  is  poor  business,  and  in  these  times 
unpatriotic,  if  not  criminal,  to  drive  the  open-hearth 
department  harder  or  faster  than  they  can  make  ingots 
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that  will  go  through  the  succeeding  steps  of  manufac- 
ture successfully.  Unfortunately,  it  is  impossible  to 
tell  whether  an  ingot,  even  though  apparently  just 
what  it  should  he,  will  make  a  good  piece  of  ordnance 
until  after  it  has  passed  through  all  the  steps  of  forg- 
ing, heat  treating  and  machining— until  after  all  the 
money  and  human  energy  has  been  spent  upon  it.  It 
is  much  better  from  every  standpoint  to  make  only  six 
heats  a  week  per  furnace,  all  of  which  will  go  straight 
through  the  succeeding  steps  and  go  out  the  gate  to 
France,  than  to  make  ten  heats  per  week  and  have 
four  or  even  three  of  them  fail  of  acceptance.  Manu- 
facturing schedules  should  always  be  so  arranged  that 
there  will  be  the  minimum  amount  of  "work  in  proc- 
ess"— that  there  will  be  the  minimum  amount  of  time 
between  the  casting  of  the  ingot  and  its  acceptance 
after  machining  and  heat  treatment.  The  failures  in 
ordnance  forgings  that  come  from  faulty  heat  treat- 
ment can  always  he  corrected  by  retreatment  requiring 
little  loss  of  time  or  money,  but  the  failures  that  come 
from  poor  ingots  (and  these  constitute  by  far  the 
larger  part)  seldom  if  ever  can  be  cured  by  the  most 
elaborate  heat  treatment. 


There  are  many  kinds  of  mechanical  devices  used 
for  forging,  but  they  can  all  be  included  in  the  three 
classes — presses,  hammers  and  rolling  mills.  In  forg- 
ing ordnance  the  hydraulic  press  is  used  most  exten- 
sively, the  steam  hammer  next,  and  the  rolling  mill 
least.  For  a  most  interesting  discussion  on  the  rela- 
tive merits  of  these  three  machines  in  working  steel 
I  wish  to  refer  you  to  a  paper  by  John  Lyman  Cox, 
Engineer  and  Metallurgist,  Assistant  to  the  General 
Superintendent  of  the  Midvale  Steel  Co.,  read  before 
the  American  Iron  and  Steel  Institute  on  May  25,  1917, 
and  published  in  their  Journal. 

The  steam  hammer  and  the  rolling  mill  are  too  well 
known  to  require  any  description.  The  press  consists 
principally  of  two  heads— top  and  bottom,  connected 
by  two  or  four  (usually  four)  columns  or  bolts — a 
cylinder  or  cylinders,  and  a  ram,  actuated  by  water  or 
other  liquid  under  high  pressure,  controlling  valves, 
etc.  The  important  advantages  of  the  press  for  forging 
are : 

1.  That  they  arc  self-contained  and  require  no 
enormous  foundation  to  take  the  blow,  as  do  the 
hammers ;  and— 

2.  There  are  practically  no  limitations  to  their  size 
and  power — there  being  at  least  one  press  in  existence 
of  20,000  tons  capacity  and  many  of  10,000  tons,  the 
ratige  being  from  one  or  two  hundred  tons  up,  though 
for  the  sizes  less  than  500  tons  many  prefer  the  steam 
hammer. 

There  are  at  least  four  types  of  presses,  the  princi- 
pal difference  being  only  in  the  method  of  securing 
the  necessary  pressure  of  liquid  in  the  cylinder.  They 
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arc:  VVhitworth  type,  the  Davy  or  steam-intensilicr 
type,  the  hydraulic-intensitier  type,  and  the  accumu- 
lator type.  The  Whitworth  type  uses  a  high-pressure 
hydraulic  pump  driven  by  steam  engine  or  electric 
motor  connected  directly  with  the  press  cylinder  by- 
means  of  heavy  pipes  and  controlled  by  a  powerful 
valve,  actuated  itself  by  high-pressure  water.  For 
general  forging  purposes,  particularly  in  the  sires  ot 
5,000  tons  or  over,  this  type  of  press  is,  in  the  writer's 
opinion,  unsurpassed,  though  in  recent  years  the  Daw 
or  steam-intensiner  type  has  become  very  popular,  and 
justly  so.  This  press  is  operated  by  a  large  steam  cyl- 
inder, the  piston  rod  of  which  has  an  extension  which 
moves  in  a  small  hydraulic  cylinder  connected  with 
the  main  press  cylinder  by  means  of  pipes  and  valves 
The  disadvantages  of  this  type  of  press  arc  the  short- 
ness of  the  effective  power  stroke  (from  5  to  7  inches) 
and  the  heavy  steam  consumption,  though  the  latter 
may  compare  favorably  with  that  of  the  hydraulic 
pump  used  with  the  Whitworth  type  of  press,  whirl; 
necessarily  uses  steam  or  electricity  while  idling  be- 
tween power  strjkes. 

In  the  other  two  types  use  is  made  of  the  accumu- 
lator, a  vertical  cylinder,  the  piston  or  plunger  ot 
which  is  weighted  down  to  give  the  desired  pressure, 
usually  not  over  2,500  pounds  per  square  inch.  By 
means  of  valves  this  water  is  admitted  directly  to  the 
press  cylinder  or  through  one  or  more  hydraulic  in- 
tensifiers.  These  presses  are  admirable  for  certain 
classes  of  work,  but  are  generally  slow-acting  or  of 
very  short  effective  stroke. 

As  many  of  the  pieces  of  guns  or  armor  require 
ingots  of  great  weight.  100.000  pounds  to  200.000 
pounds  each  being  quite  common,  and  armor  ingots 
running  frequently  to  300,000  pounds  each,  it  is  neces- 
sary to  provide,  in  addition  to  the  forging  press  itself,  very 
powerful  and  elaborate  handling  and  manipulating  de- 
vices. These  usually  consist  of  overhead  travelling 
cranes  (all  motions  of  which  are  electrically  operated 
except  the  hoist,  which  is  preferably  hydraulic),  chucks, 
mandrels,  porter  bars,  sling  chains,  cutters,  etc.,  besides 
the  usual  electric  travelling  cranes.  For  lighter  work 
the  electric  manipulator,  when  properly  designed  and 
constructed,  is  most  satisfactory,  particularly  if  it  :s 
hung  from  an  overhead  runway.  It  usually  has  sevrn 
motions,  all  operated  by  electric  motors:  Travel  in 
both  directions,  rotate,  elevate,  raise  or  lower  boom, 
rotate  boom,  open  and  close  jaws;  and  in  the  hands  o( 
a  skilled  operator  is  wonderfully  efficient.  For  still 
smaller  work,  particularly  at  steam  hammers,  the 
weight  is  carried  by  a  small  jib  crane  only — everything 
else  being  done  by  the  hammer  gang,  with  tongs  and 
bat  stick,  levers,  etc. 

While  forging  does  not  necessarily  imply  that  t!ie 
metal  is  heated,  it  is  of  course  assumed  that  all  work 
referred  to  in  this  paper  is  done  under  proper  condi- 
tions of  heat.    It  is  here  that  the  metallurgical  phase 
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of  the  forging  problem  enters,  and  as  alloy  steel  is 
used  very  extensively  in  ordnance  work— nickel  and 
nickel-chrome  being  the  most  used — and  as  many  of  the 
ingots  are  of  great  size,  the  heating  of  the  metal  becomes 
a  very  important  part  of  the  work. 

There  are  furnaces  of  various  kinds  and  shapes, 
of  which  the  roll-down  or  long-tail,  the  car-bottom 
and  the  hearth  types  are  most  common.  They  are  tired 
with  any  kind  of  fuel,  dependent  upon  local  conditions, 
relative  cost,  etc. ;  coal  hand-fired,  coal  stoker-fired,  oil, 
producer  gas,  natural  gas  and  powdered  coal  all  being 
satisfactory  from  a  metallurgical  standpoint.  Oil, 
owing  to  the  cheapness  and  simplicity  of  the  equip- 
ment necessary,  and  its  great  flexibility,  is  very  popu- 
lar, but  by  no  means  the  cheapest.  Powdered  or  pulver- 
ized coal  is  coming  into  extensive  use,  and  when  the 
entire  equipment,  pulverizers,  dryers,  conveyors  and 
burners,  have  been  properly  designed  and  installed,  it 
is  a  very  satisfactory  and  economical  fuel.  For  those 
so  fortunately  situated  as  to  have  natural  gas,  this  must 
of  course  be  a  very  cheap  fuel. 

In  general,  steel  for  ordnance  should  be  brought 
slowly  to  the  proper  heat,  not  over  2,200  degrees  Fah- 
renheit, and  preferably  about  2,100  degrees  Fahrenheit, 
after  which  it  should  be  allowed  to  soak  until  it  is 
certain  that  the  entire  body  of  the  ingot  from  center 
to  outside,  from  top  to  bottom,  is  at  a  uniform  mellow 
heat.  The  ordinary  soaking  pit  practice  commonly 
used  in  the  manufacture  of  rails,  structural  steel,  com- 
mercial bars,  etc.,  is  not  good  enough  for  ordnance. 

Usually,  in  handling  the  larger  ingots  used  for  mak- 
ing parts  of  big  guns  and  armor  plate,  the  manufac- 
turing schedule  is  so  arranged  that  the  piece  is  never 
allowed  to  get  entirely  cold  from  the  time  the  metal 
is  poured  into  the  mold  until  the  finished  forging  is 
annealed.  In  other  words,  the  ingots  are  taken  hot, 
but  not  too  hot,  from  the  open-hearth,  and  charged 
immediately  into  the  heating  furnace  at  the  press; 
though  preferably,  from  a  production  standpoint,  they 
are  sometimes  charged  into  a  preheating  furnace  be- 
fore being  placed  in  the  heating  furnace.  The  length 
of  time  an  ingot  can  be  worked  without  reheating  is  a 
question  of  mechanics  and  production  rather  than  met- 
allurgy. It  is  unwise  to  allow  a  nickel  or  nickel-chrome 
ingot  of  larger  section  than  40-inch  diameter  to  grow 
cold  without  annealing. 

Ordnance  forgings  are  of  varied  size  and  shape,  some 
being  plain  round  cylinders  and  others  being  square, 
rectangular  or  with  lugs.  Armor  plates  for  battleships, 
being  almost  always  plain  rectangular  plates,  are  com- 
paratively easy  to  forge,  except  for  the  difficulties  in- 
volved in  their  great  size  and  weight.  Shells  and  pro- 
jectiles are  forged  hollow  (squirted  or  extruded)  or 
solid,  depending  on  the  circumstances.  Gun  tubes  and 
hoops  are  forged  both  solid  and  hollow,  the  determin- 
ing feature  being  relative  speed  and  cost  as  well  as 
metallurgical  reasons.     Inasmuch,  however,  as  gun 
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forgings  are  almost  always  tested  transversely  to 
their  axis,  it  is  well  to  do  some  transverse  working 
wherever  possible,  either  by  upsetting  or  by  expanding 
on  a  mandrel.  The  design  of  dies,  mandrels,  etc.,  is 
very  important  in  ordnance  forging,  but  no  more  so 
than  in  ordinary  forging. 

AHHEALMG 

After  forging,  the  next  operation  is  annealing.  As 
mentioned  before,  this  operation  is  for  the  purpose  of 
relieving  forging  strains  (which  unrelieved  may  cause 
the  piece  to  crack),  grain  refining,  and  softening,  for 
machine  work.  The  particular  formula  or  prescription 
to  be  used  in  annealing  will  depend  upon  several  condi- 
tions, the  size  and  thickness  of  section,  the  temperature 
at  which  it  left  the  forging  tool,  the  composition,  etc. 
The  usual  treatment  consists  in  heating  the  piece  to  a 
temperature  above  the  critical  temperature,  holding  it 
at  this  temperature  for  a  sufficient  time  to  insure  uni- 
formity from  end  to  end  and  from  center  to  outside, 
and  for  the  reaction  to  take  place,  and  then  cooling, 
either  quickly  or  slowly,  depending  on  circumstances. 
Sometimes  a  crude  quench  is  combined  with  the  an- 
nealing, by  heating  farther  above  the  critical  tempera- 
ture and  cooling  in  air  to  a  temperature  below  the 
critical,  followed  by  another  heat  to  a  lower  tempera- 
ture but  above  the  critical,  followed  by  a  slow  cool. 
To  secure  extreme  softness  for  machining,  this  may  be 
followed  by  an  anneal  (or  draw)  from  a  temperature 
just  below  the  critical. 

These  annealing  operations  on  gun  forgings  arc 
usually  done  in  an  ordinary  box  furnace,  having  lids 
or  covers  for  charging  and  discharging — this  type  be- 
ing sometimes  called  a  "bung-top"  furnace.  Any  fuel 
will  do,  but  crude  oil  is  usually  employed,  with  suit- 
able burners  at  intervals  along  both  sides.  It  is,  of 
course,  very  important  that  the  forgings  are  heated 
uniformly,  and  to  determine  this  pyrometers  arc  in- 
serted at  suitable  places,  the  number  depending  upon 
the  length  of  the  piece  and  the  accuracy  desired. 

Great  care  must  be  exercised  in  setting  forgings 
in  the  furnace,  particularly  long,  thin  ones  like  gun 
tubes,  in  order  that  they  do  not  become  warped,  as 
they  are  usually  straight  when  forged,  or  should  be. 

ROUGH  MACHINING 

The  next  step  in  manufacture  is  the  rough  machin- 
ing. Depending  upon  the  size  and  shape  of  the  pieces, 
they  may  be  machined  to  the  final  rough-machined 
size  before  the  quenching  and  drawing  treatment  or 
given  a  preliminary  machining,  the  final  rough  turn- 
ing and  boring  being  done  after  acceptance  for  physi- 
cal properties.  In  either  case  the  operations  are  almost 
identical.  The  tools  used  in  rough  machining  gun  forg- 
ings are  turning  lathes,  boring  lathes,  planers,  shapcrs, 
slotters  and  occasionally  milling  machines  and  hori- 
zontal boring  mills.  In  machining  the  medium  and 
larger  sizes  of  gun  forgings,  heavy  duty  machines  dc- 
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signed  and  built  for  the  purpose  must  be  employed 
if  large  production  is  to  be  secured. 

In  machining  a  gun  forging,  a  tube  for  instance, 
the  operations  are  as  follows: 

1.  Preliminary  turn,  to  develop  surface  seams  or 
other  defects  and  to  secure  steady  rest  bearings. 

2.  Bore,  sometimes  from  one  end  and  sometimes 
from  both ;  and 

3.  Final  turn  on  plug  centers  set  in  the  bore,  to 
insure  concentricity  of  outside  with  bore.  In  the  case 
of  jackets  and  hoops  having  lugs,  planers  and  shapers 
or  slotters  are  necessary  in  addition  to  turning  and 
boring  lathes.  In  determining  how  much  machine 
work  is  to  be  done  before  quenching  and  drawing  and 
how  much  after,  due  consideration  must  be  given  to 
the  following: 

In  general  the  surface  skin  of  the  forging  should 
be  removed,  together  with  all  surface  defects  con- 
tained therein;  otherwise,  a  crack  may  start  in  the 
subsequent  heat  treatment.  Sufficient  machining 
should  be  done  to  reduce  the  section  as  far  as  prac- 
ticable, but  the  minimum  amount  of  work  should  be 
put  on  the  piece  before  it  is  accepted,  otherwise  this 
expense  may  he  entirely  wasted,  due  to  the  failure  of 
the  tests. 

In  boring  from  the  solid  very  long  pieces,  such  as 
gun  tubes,  double-ended  boring  machines  arc  used 
very  successfully,  though  care  must  be  used  to  have 
the  holes  match  properly.  The  larger  of  these  ma- 
chines sometimes  have  hydraulic  feed  to  the  boring 
bars  with  screw  release,  thus  throwing  the  heavy  load 
off  the  lead  screws.  The  designs  of  cutter  heads  and 
cutters  vary  in  different  shops,  each,  of  course,  claim- 
ing superiority  for  their  own  equipment.  All,  however, 
agree  that  large  quantities  of  boring  compound  or  lu- 
bricant at  high  pressure  should  be  used,  not  only  to  keep 
the  cutting  edges  cool  but  to  wash  away  the  chips, 
which  if  allowed  to  remain  cause  jamming  and  break- 
ing of  cutters  and  cutter  heads.  The  rough  machining 
of  ordnance  forgings  is  the  easiest  of  the  four  steps 
and  requires  no  metallurgical  skill  or  knowledge,  but 
does  require  considerable  mechanical  skill  and 
experience. 

HEAT  TREATMENT 

The  fourth  step  in  the  manufacture  of  ordnance 
forgings  is  the  "  heat  treatment,"  which  consists  pri- 
marily of  quenching  in  some  cooling  medium  from  a 
temperature  above  the  critical,  followed  by  a  draw  at 
the  proper  temperature  to  give  the  desired  physical 
properties.  In  the  case  of  gun  forgings,  which,  of 
course,  arc  hollow,  good  practice  calls  for  the  heating 
for  quenching  in  a  vertical  position  and  dipping  in  oil 
or  other  liquid  in  the  same  position.  Like  the  anneal- 
ing furnace,  these  vertical  quenching  furnaces  are 
usually  fired  with  crude  oil,  the  burners  being  so  ar- 
ranged as  to  give  uniform  heat  without  direct  contact 
between  the  flame  and  the  forgings. 
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In  size  these  vertical  furnaces  vary  from  6  feet  to 
12  feet  inside  diameter  and  from  10  feet  to  100  feet 
inside  length.  The  charge  is  usually  suspended  on 
dogs  which  are  hung  from  the  furnace  binding.  The 
furnace  is  charged  and  discharged  through  the  open 
upper  end,  which  is  covered  during  heat  with  a  lid  or 
cover  capable  of  being  removed  quickly ;  this  may  be 
done  by  any  suitable  mechanical  means.  In  the  longer 
furnaces,  say,  over  25  feet,  it  is  sometimes  considered 
desirable  to  have  a  long,  side-opening  door  the  entire 
length  of  the  furnace,  the  door  section  in  a  circular 
furnace  being  about  one-third  of  the  circumference. 
The  advantage  of  this  type  of  door  is  the  saving  in  time 
in  getting  the  piece  into  the  quenching  bath — a  con- 
sideration of  great  importance;  also  a  saving  in  head 
room. 

As  stated  before,  the  heat  treatment  of  a  gun  forg- 
ing depends  upon  the  same  simple  metallurgical  princi- 
ples as  the  heat  treating  of  an  automobile  axle,  the 
difficulties  arising  only  from  the  usually  great  size  and 
weight  of  the  pieces.  Here  is  where  engineering  skill 
and  experience  arc  required,  to  devise  the  proper  ar- 
rangement of  cranes,  hoists,  furnaces,  tanks,  etc.,  so 
that  the  piece  when  ready  may  be  removed  from  the 
furnace  and  immersed  in  the  quenching  medium  in  the 
shortest  possible  period,  and  may  be  removed  from  the 
bath  promptly  and  quickly  when  the  proper  time  has 
elapsed.  As  the  immersion  occupies  only  a  few  min- 
utes, the  forging  is  held  by  the  crane  during  this  time. 

Various  quenching  mediums  are  employed,  depend- 
ing upon  conditions,  from  oil  to  chilled  water,  the 
former  being  the  most  common,  though  for  the  sym- 
metrical pieces  water  may  be  used  if  great  care  is 
exercised  to  prevent  cracking.  Water  is  more  drastic 
and  more  effective,  but  also  more  dangerous,  and  its 
use  cannot  be  recommended  indiscriminately. 

The  drawing  operation  after  the  quench  may  be 
done  in  a  vertical  position,  though  more  often  it  is 
performed  in  a  horizontal  position ;  in  the  former  the 
same  kind  of  furnace  may  be  used  for  drawing  as  for 
heating  for  quenching.  The  advantage  of  the  vertical 
draw  is  that  the  piece  is  less  likely  to  warp  or  bend 
when  suspended  vertically  than  when  supported  on 
blocks  horizontally.  In  horizontal  drawing,  the  "bung- 
top"  box  furnace  may  be  used,  but  the  best  practice  is 
to  use  a  car-bottom  with  an  overfircd  or  underfircd  com- 
bustion chamber,  the  charge  being  virtually  in  a  muffle, 
where  accurate  control  of  temperature  may  be  main- 
tained. 

The  advantage  of  the  car-bottom  type  lies  princi- 
pally in  the  ease  with  which  the  charge  may  be  properly 
set.  As  the  drawing  temperature  is  of  course  below 
the  critical  temperature,  theoretically  the  piece  can  be 
cooled  quickly  from  the  drawing  temperature;  but  in 
ordnance  work  this  practice  should  be  avoided  because 
of  strains  that  may  be  set  up,  which  may  show  up  in 
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warping  when  the  piece  is  being  finished-machined  for 
assembly. 

Both  the  quenching  and  drawing  furnaces  should 
be  accurately  controlled  by  the  best  pyrometer  equip- 
ment obtainable,  to  determine  whether  the  prescrip- 
tion has  been  correctly  followed  and  to  record  the 
actual  conditions  during  the  heat. 

TESTIHG 

The  specifications  provide  that  tests  for  physical 
properties  shall  be  made  to  determine  whether  the  piece 
has  the  proper  strength,  ductility  and  toughness  to 
meet  the  requirements  of  the  designer.  In  gun  forg- 
ings,  as  the  greatest  strains  arc  those  tending  to  burst 
or  split  the  gun,  the  transverse  or  tangential  bar  is 
taken  to  determine  the  strength  of  the  tube  or  hoop 
in  this  direction.  These  tests  arc  taken  from  suitable 
prolongations  provided  at  one  or  both  ends,  turned  or 
ground  to  the  proper  size,  American  practice  being 
0.505"  dia.  x  2"  between  measuring  points,  and  then 
broken  in  a  tensile  testing  machine,  and  the  tensile 
strength,  elastic  limit,  percentage  of  elongation  and 
percentage  of  reduction  of  area  at  point  of  fracture  de- 
termined. The  most  common  specifications  in  physical 
properties  call  for  a  tensile  strength  of  95,000  lbs,  per 
sq.  in.;  an  elastic  limit  of  65,000  lbs.  per  sq.  in.;  18  per 
cent,  stretch  and  30  per  cent,  contraction  of  area;  these 
being  the  requirements  for  nickel-steel  gun  forging* 
for  both  our  Army  and  Xavy. 

When  the  test  bars  are  broken  it  is  known  for  the 
first  time  whether  the  ingot  was  pro|K*rlv  made  and 
whether  the  forging  and  the  heat  treatment  were  properly 
done.  If  the  piece  meet*  the  test  in  all  the  liars  required 
it  is  provisionally  accepted,  after  which  it  is  cut  to  length 
and  sent  to  the  machine  shop  for  further  machine  work. 

SPECIFICATIONS 

The  chemical  requirements  in  American  gun  forg- 
ing* are:  Phosphorus  and  sulphur  less  than  0.05  per 
cent. ;  these  being  the  principal  deleterious  ingredients 
in  steel.  Foreign  specifications  sometimes  place  limits 
on  othsr  elc  nents.  particularly  copper,  tl-ough  copper 
in  reasonable  quantities,  say,  up  to  0.25  per  cent,  has 
iiot  been  considered  harmful  in  this  country. 

The  subject  of  specifications  for  ordnance  forgings 
is  a  large  one  and  can  only  be  touched  upon  lightly  in 
this  paper.  The  chemical  and  physical  requirements 
mentioned  above  constitute  the  meat  or  heart  of  the 
American  specifications,  but  there  is  one  other  im- 
portant requirement,  namely,  the  amount  of  reduction 
from  the  ingot  to  the  forging.  The  s{)ccincations  for 
gun  forgings  call  for  a  reduction  of  area  of  4  to  1  from 
the  ingot  to  the  forging;  for  instance,  a  20  in.  diameter 
forging  requires  a  40  in.  diameter  ingot  or  its  equiva- 
lent. This  provision  is  subject  to  much  just  criticism 
for  this  reason :  By  the  physical  law  that  causes  steel 
to  expand  when  heated  and  to  contract  while  cooling, 
and,  further,  because  steel  is  a  mixture  of  elements 
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which  in  combination  with  iron  have  different  melting 
or  solidifying  points,  the  larger  the  ingot  the  more  diffi- 
cult it  is  to  secure  a  good  ingot. 

The  decrease  in  quality  of  the  ingot  with  respect 
to  segregation,  etc.,  is  believed  to  be  in  the  ratio  of  the 
square  of  its  diameter,  and  whether  this  is  correct  or 
not,  it  is  an  indisputable  fact  that  the  difficulties  in- 
crease greatly  with  the  cross-section  of  the  ingot ; 
therefore,  as  small  an  ingot  should  be  used  as  will  in- 
sure a  thorough  working  of  the  metal  in  the  forging; 
certainly  a  reduction  of  area  of  2  to  1  from  the  ingot 
to  the  forging  should  be  sufficient.  An  ingot  is  a  cast- 
ing, and  a  forging  is  better  structurally  than  a  casting; 
therefore,  the  ingot  should  be  worked  thoroughly  to 
break  up  the  bad  ingot  structure ;  but  it  is  very  unwise 
to  use  an  ingot  of  larger  section  than  is  absolutely 
necessary. 

The  foregoing  very  general  description  of  the  opera- 
tions of  ordnance  manufacture  applies  particularly  to 
the  manufacture  of  gun  forgings,  a  name  given  to  the 
articles  which,  when  finished,  machined  and  assembled, 
constitute  a  gun  or  cannon,  referring  particularly  to 
sizes  above  3  in.,  whether  howitzers,  rifles  or  mortars. 
In  the  manufacture  of  the  other  items  of  ordnance — 
armor,  shoulder  arms,  machine  guns,  shells,  gun  car- 
riages, etc.,  etc. — some  or  all  of  these  manufacturing 
steps  arc  taken,  though  differing  greatly  in  detail. 

ARMOR 

The  purpose  of  armor  is  to  protect  whatever  is  be- 
hind it,  but  particularly  to  prevent  the  bullet  or  shell 
or  projectile  from  passing  through  it  and  thereby  dam- 
aging men  or  machinery.  The  thin  armor  used  for 
helmets,  breast  plates  and  gun  shields,  usually  less  than 
Y%  in.  thick,  is  intended  to  be  proof  against  penetration 
of  the  rifle  or  machine-gun  bullets,  which  are  generally 
about  0.30  in.  in  diameter  and  have  muzzle  velocities 
of  from  2,500  to  3.200  ft.  per  sec.  The  modern  rifle 
bullet  is  steel-jacketed  and  has  tremendous  penetrating 
powers,  particularly  at  ranges  up  to  300  to  500  yds. 
The  problem,  therefore,  of  making  a  plate  light  enough 
for  a  man  or  a  motor  car  to  carry  and  still  strong 
enough  to  withstand  the  bullet  is  an  interesting  and 
difficult  one.  For  this  purpose  a  very  high-grade  steel 
is  used,  quite  often  of  crucible  or  electric-furnace  man- 
ufacture, alloyed  with  nickel,  chromium,  molybdenum, 
tungsten,  zirconium  or  combinations  of  them.  The  steel 
must  have  extreme  strength  or  hardness,  and  yet  suffi- 
cient toughness  and  ductility  to  prev  nt  fracture  or 
shattering.  This  armor,  being  so  thin,  is  a  product 
of  the  rolling  mill.  After  rolling  it  is  annealed,  then 
machined  and  bent  to  size  and  shape,  then  heat-treated 
and  tested  ballistically,  and  after  acceptance  straight- 
ened or  rectified  cold.  In  this  condition  it  is  still  usu- 
ally soft  enough  to  drill  and  tap  or  even  bend,  but  will 
not  flange  or  take  sharp  bends  very  readily. 

Armor  for  ships  or  fortresses,  while  intended  to 
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serve  the  same  purpose  as  the  thin  shield— viz.,  to  pre- 
vent penetration  of  shell  or  projectile — is  a  very  differ- 
ent manufacturing  problem.  For  ships  the  thickness 
will  vary  from  4  in.  to  16  in.  or  18  in.,  but  at  the  present 
time  the  greater  part  of  the  armor  protecting  battle- 
ships is  about  13  in.  thick;  in  width  up  to  10  ft.,  and  in 
length  up  to  30  ft.;  single  plates  weighing  as  much 
as  125,000  lbs. 

To  prevent  penetration  by  the  armor-piercing  pro- 
jectile it  is  necessary  that  the  face  be  very  hard  and 
strong,  perfectly  supported  by  a  softer  and  very  tough 
back.  Nickel  and  chromium  in  proper  percentages  arc 
used,  the  rest  of  the  composition  being  plain  carbon 
steel  with  carbon  0.20  to  0.50,  depending  on  other 
conditions.  In  order  to  get  the  necessary. hardness  in 
the  face  it  is  customary  to  carbonize  or  cemcntizc,  each 
maker  having  his  own  carefully  worked-out  and  care- 
fully guarded  formula  for  this  delicate  and  important 
operation. 

The  ingots  are  usually  cast  rectangular,  with  thick- 
ness to  give  sufficient  forging  reduction  and  length 
and  width  to  give  the  required  weight  and  to  suit  the 
mechanical  devices  used  in  forging.  They  are  cast  in 
sand  or  iron  molds  and  have,  of  course,  sufficient  risers, 
sinkheads  or  tongholds  to  insure  necessary  solidity 
and  freedom  from  piping.  As  they  are  made  of  nickel- 
chrome  steel  and  weigh  200,000  to  300,000  lbs.  each,  they 
must  be  taken  hot  from  the  o]>en-hearth  and  charged  in 
heating  furnaces,  which,  except  for  their  great  size, 
are  no  different  from  other  ingot-heating  furnaces  de- 
scribed before.  For  forging,  a  powerful  hydraulic  forg- 
ing press  is  used,  of  about  10,000  to  15,000  tons  capac- 
ity. After  forging,  the  various  heat-treating,  bending 
and  machining  operations  arc  carried  out. 

For  purposes  of  test,  armor  is  manufactured  in 
groups  of  about  400  to  600  tons  each,  and  after  all  the 
plates  in  a  group  have  passed  through  all  of  the  heat- 
treating  steps  and  are  found  to  be  uniform  as  far  as  can 
be  determined  by  means  of  scleroscope,  Brinell,  tensile 
test,  micro  and  macroitructure  examinations,  one  of 
the  plates  is  selected  for  ballistic  test,  which  if  success- 
ful accepts  the  group.  After  this  the  remaining  plates 
are  machined  to  final  size  and  sent  to  the  shipyard. 
The  tool  equipment  for  making  armor  is  massive  and 
powerful,  but  must  be  capable  of  very  delicate  control, 
and,  for  handling,  very  ingenious  auxiliary  equipment 
must  be  employed. 

SHELLS  AMD  PROJECTILES 

The  high-explosive  shell  is  usually  nothing  more 
than  a  container  or  carrier  for  the  high  explosive  itself, 
the  gun  and  shell  being  used  to  place  the  high  explosive 
where  it  is  thought  it  will  do  the  most  good ;  it  has  no 
penetrating  to  do  other  than  through  light  breastworks, 
walls  of  buildings,  etc.  For  greatest  efficiency,  there- 
fore, the  high-explosive  shell  has  as  large  a  cavity  or 
containing  capacity  as  is  possible,  with  the  necessary 
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strength  of  wall  to  stand  the  shock  of  being  fired  from 
a  gun  at  high  speed. 

Another  important  function  of  the  high-explosive 
shell  is  the  damage  done  by  the  fragmentation  of  the 
shell  body  itself,  and  the  shell  is  so  designed  with 
respect  to  thickness  of  wall  and  physical  properties 
as  to  give  the  desired  fragmentation. 

The  armor-piercing  shell,  on  the  other  hand,  while 
its  mission  is  to  cause  a  damaging  explosion  where  it 
is  desired,  has  the  very  difficult  job  of  getting  through 
a  piece  of  armor  designed  and  constructed  to  keep  it 
out,  and,  further,  the  armor-piercing  projectile  must 
not  explode  its  charge  until  after  it  gets  through  this 
supposedly  impenetrable  armor  plate.  We  have  here  a 
beautiful  example  of  an  irresistible  force  meeting  an 
immovable  object :  the  projectile  to  be  successful  must 
go  through  the  plate,  and  the  plate  to  be  successful 
must  keep  the  projectile  out.  This  apparently  hopeless 
situation  is  a  great  bone  of  contention  between  armor 
and  projectile  makers,  and  is  particularly  embarrassing 
where  one  company  makes  both  armor  and  projectiles. 
As  the  armor  plate  has  a  hard  face  supported  by  a 
tough  back,  so  the  armor-piercing  projectile  has  a  hard 
point  and  a  tough  back.  The  hard  face  of  the  armor 
is  intended  to  smash  up  the  hard  point  of  the  projectile, 
and  the  hard  point  of  the  projectile  is  intended  to 
smash  the  hard  face  of  the  armor,  and  here  we  have 
a  merry  war. 

Armor-piercing  projectiles  are  made  by  crucible, 
electric-furnace  or  open-hearth,  of  high-carbon  alloy 
steel,  forged  under  a  press  or  steam  hammer  much  as 
an  axle  is  forged.  The  machine  work  is  simple,  re- 
quiring principally  medium-size  but  powerful  high- 
duty  turning  and  boring  lathes  and  grinders  for  the 
bourrelct.  The  heat-treating  operations  are.  however, 
very  elaborate  and  complicated  combinations  of  an- 
nealing, quenching  and  drawing.  In  the  writer's  opin- 
ion the  manufacture  of  large  armor-piercing  shells  to 
meet  the  present  American  specifications  is  the  most 
difficult  problem  in  the  metallurgy  of  steel  today,  and 
only  in  very  recent  years  have  one  or  two  concerns 
been  able  to  take  it  out  of  the  laboratory  and  place  it 
on  a  manufacturing  basis. 

On  the  other  hand,  the  high-explosive  shell  or 
shrapnel  body  is  a  comparatively  simple  metallurgical 
problem,  and  not  an  extremely  difficult  mechanical 
problem.  For  this  purpose  a  simple  carbon  steel  is 
generally  used,  though  the  physical  specifications 
sometimes  make  it  necessary  that  some  heat  treatment 
be  dpne.  The  usual  steps  arc  as  follows :  Casting  the 
ingot,  any  standard  size  and  shape,  say.  30  in.  square: 
blooming  and  rolling  to  the  desired  round ;  slicing  into 
units  or  slugs  of  the  proper  weight ;  forging  by  punch- 
ing or  squirting,  or  by  punching  and  drawing  on  a 
bench  ;  annealing  (or  quenching  and  drawing) ;  and 
finally  machining  and  assembling  with  base  plug.  fuse, 
rotating  band  and  other  parts. 
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SOLUBILITY  AND  FUSION  RELATIONS  AT 
HIGH  TEMPERATURES  AND  PRESSURES" 

By  GEORGE  W.  MOREY 
Laboratory,  Carnegie  buthution  of  Washington.  D.  C 


The  great  mass  of  chemical  experience  is 
concerned  with  a  small  portion  of  the  great  field 
which  represents  the  conditions  of  temperature 
and  pressure  under  which  chemical  reactions  can 
take  place.  Most  investigations  hat  e  been  mode 
at  ordinary  temperature  and  pressure,  though 
much  wirt  has  been  done  at  high  temperature 
with  non-volatile  oxides  such  as  lime,  silica,  and 
alumina,  and  at  ordinary  temperature  and  high 
pressure.  The  geochemist  in  studying  the  prof- 
esses of  rock  formation  and  mineral  genesis,  is 
concerned  wlh  the  simultaneous  action  of  both 
high  temperature,  up  to  the  points  of  pure  oxides 
such  as  silica  or  lime,  and  high  pressures,  pres- 
sures such  as  that  produced  by  the  weight  of  rock 
masses  from  a  few  hundred  feet  to  miles  in 
depth.  Moreover,  the  simultaneous  action  of  these 
extreme  conditions  must  be  studied  not  only  with 
systems  composed  of  non-volatile  components 
such  as  lime  and  silica,  but  also  tci'M  systems  con- 
taining both  non-volatile  components  and  volatile 
components,  such  as  water  or  carbon  dioxide.  In 
this  paper  some  of  the  basic  principles  under- 
lying such  systems  arc  discussed  mid  exemplified, 
and  experimental  methods  which  have  been  used 
in  their  study  are  discussed. 

THE  phenomenon  of  solubility  is  one  of  the  every- 
day experiences  of  the  chemist,  and  most  of  his 
daily  operations  are  performed  on  or  w  ith  solu- 
tions. We  are  all  familiar  with  the  ordinary  facts  of 
solubility,  and  in  the  chemical  hand-books  is  amassed 
a  great  deal  of  information  in  regard  to  the  solubility 
of  various  substances  in  different  solvents.  Most  of 
our  experience,  however,  relates  to  ordinary  tempera- 
tures. A  great  mass  of  solubility  data  is  available  for 
such  temperatures,  but  the  solubility  of  few  substances 
has  been  determined  up  to  the  boiling  point  of  the 
saturated  sohitions.  and  almost  no  quantitative  in- 
formation is  to  be  had  concerning  the  further  portion 
of  the  solubility  curves. 

WHAT  IS  HEART  BY  SOLUBILITY 

The  term  "solubility"  is  one  so  often  used  in  a 
loose  sense  that  its  precise  meaning  is  frequently  lost 
sight  of.  Indeed,  its  original  meaning  was  a  loose  one, 
merely  indicating  that  some  substance,  usually  a  solid, 
disappeared,  wholly  or  in  part,  the  material  passing  into 
coexistent  liquid  phase.*  In  this  sense  we  often  speak 
of  the  relative  solubility  of  metals  in  acid,  our  con- 
ception usually  being  merely  one  of  relative  rate  of 
solution. 

*  Presented  before  the  Philadelphia  Section,  American  Chemi- 
cal Society,  March  21.  1918,  at  the  KiiRineers'  Club. 

t  This  subject  is  discussed  in  more  detail  by  Morey  and 
Fenncr,  J.  Am.  Chem.  Soc  ,  39,  1226  (1917). 
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When  we  introduce  quantitative  conceptions  of  solu- 
bility we  have  to  include  certain  restrictions  to  make  our 
meaning  precise.  When  we  speak  of  the  solubility  of  a 
gas  in  a  liquid,  it  is  necessary  to  specify  the  temperature 
and  the  pressure  of  the  gas.  When  we  speak  of  the  solu- 
bility of  a  solid  substance  in  a  solvent,  it  is  necessary  to 
define  the  temperature,  when  we  are  dealing  with  a 
strictly  two-component  system.  We  usually  are  dealing 
with  solutions  of  non-volatile  salts  in  water,  and  the  sys- 
tem may  be  regarded  as  a  "condensed"  system ;  the  vapor 
pressure  of  the  solution  is  less  than  the  prevailing  atmos- 
pheric pressure  and  need  not  be  considered.  In  the  gen- 
eral case  of  equilibrium  between  solid,  liquid  and  vapor 
phases  in  a  system  of  two  components,  fixing  the  tempera- 
ture renders  the  system  invariant;  the  vapor  pressure  of 
the  saturated  solution  is  fixed,  and  may  be  expressed  as 
a  function  of  the  temperature. 

When  we  are  considering  systems  of  more  than  two 
components  further  restrictions  are  necessary.  If  the 
liquid  phase  is  a  mixture  of  water  and  alcohol,  to  make 
the  solubility  of  a  salt  at  constant  temperature  have  a 
definite  meaning  it  is  necessary  to  specify  the  ratio  water 
to  alcohol  in  the  liquid  phase ;  it  is  necessary  to  fix  the 
composition  of  the  solvent.  The  system  has  one  more 
degree  of  freedom.}: 

We  will  confine  ourselves  to  binary  systems  for  the 
remainder  of  our  discussion.  Even  here  we  find  the  prob- 
lem presents  many  complications — far  too  many  to  more 
than  touch  the  high  spots.  To  begin  with,  we  will  exclude 
the  many  cases  in  which  unmixing  occurs,  i.e.,  in  which 
two  liquid  layers  are  formed.  We  will  also  exclude  from 
consideration  at  present  the  cases  in  which  the  solu- 
bility of  the  solid  phase  decreases  with  the  temperature, 
and  at  first  assume  that  the  solute  is  non-volatile.  The 
subject  may  then  be  considered  under  two  heads.  First 
consider  only  the  case  that  the  solubility  is  considerable, 
great  enough  so  that  no  saturated  solution  shows  the 
critical  phenomena;  then  consider  the  case  that  critical 
phenomena  are  met  with. 

THE  PROCESSES  OF  SOLUTION  AMD  FUSION  ARB  IDENTICAL! 

The  first  point  I  wish  to  show  is  that  the  "solubility 
curve"  is  a  continuous  curve,  which  extends  from  the 
melting  point  of  the  phase  in  question  to  the  invariant 
point,  with  no  break  at  the  boiling  point  of  the  saturated 
solution,  and  that  no  outstanding  distinction  can  be  made 
between  solvent  and  solute,  or  between  the  processes  of 
solution  and  fusion.  These  facts  were  first  clearly  per- 
ceived by  Guthrie§  in  1884  ;  Figure  1  shows  the  complete 
solubility  curve  of  KNO,  in  IIsO  as  determined  by  him. 
He  worked  in  closed  tubes;  weighed  portions  of  HsO 
and  KN()„  were  sealed  up  in  glass  tubes  and  heated,  and 
the  temperature  at  which  the  solid  phase  all  disappeared 
was  determined.  The  dotted  horizontal  line  at  about  116° 
and  36.6  mot  per  cent.  KNOa  represents  the  boiling  point 

I  Sec  the  further  discussion  of  this  point  on  page  514 
»  Guthrie,  Phil.  Mag  ,  18,  117  (1884). 
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of  the  saturated  solutions ;  if  a  saturated  solution  be  heated 
in  an  open  vessel  it  will  evaporate  to  dryness  at  this  tem- 
perature; this  composition  is  the  most  concentrated  that 
can  be  obtained  at  atmospheric  pressure.  But  if  wc  are 
working  in  closed  tubes,  so  that  the  water  cannot  escape, 
it  is  plain  that  the  solubility  curve  is  continuous  past  this 
point,  and  up  to  the  anhydrous  melting  point  of  KNO,. 
The  break  shown  in  the  figure  at  126°  is  due  lo  a  cir- 
cumstance having  no  bearing  on  the  subject  under  discus- 
sion, namely,  the  cnantiotropic  inversion  of  KNO,  from 
the  orthorhombic  to  the  rhombohedral  form. 

Let  us  compare  this  solubility  curve  with  some  other 
systems.  In  Figure  1  wc  also  have  the  melting  point 
curves  of  the  system  LiNO,-KNO,.  In  the  LiNO,-KNOj 
system,  addition  of  KNO,  to  LiNO,  lowers  the  melting 
point  of  the  latter  progressively  until  the  eutectic  is 
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reached,  at  which  point  both  components  coexist  in  equili- 
brium with  liquid.  Along  this  branch  LiNO,  is  the  stable 
solid  phase.  If  we  cool  a  solution  richer  in  LiNO,  than 
the  eutectic  it  will  remain  liquid  until  this  curve  is  reached, 
when  LiNO,  will  separate  out ;  the  solution  is  saturated 
in  regard  to  LiNO,.  Similarly,  if  wc  heat  a  mixture  of 
the  same  composition,  the  solid  will  melt  completely  at 
the  temperature  given  by  the  curve;  at  this  point  the 
solid  all  dissolves  in  the  liquid.  We  call  this  the  LiNO, 
branch  of  the  melting  point  curve.  Similarly,  addition 
of  LiNO,  to  KNO,  lowers  the  melting  point  of  the  latter 
progressively  until  the  eutectic  is  reached,  giving  rise  to 
the  KNO,  branch.  At  a  temperature  slightly  below  the 
melting  point  of  KNO,  we  find  that  the  liquid  consists  of, 
say,  999  parts  KNO,  to  1  part  LiNO,.  If  we  so  desire 
we  may  say  that  1  part  LiNO,  dissolves  999  parts  of 
KNO,  at  this  temperature,  but  we  do  not  usually  look  at 
it  from  that  point  of  view.  Also,  if  we  define  our  terms 
consistently,  wc  may  say  that  along  one  branch  of  the 
curve  LiNO,  is  solvent,  along  the  other  branch,  KNO,. 
But  such  terminology  is  far-fetched. 

Compare  the  H,0-KNO„  system  with  the  LiNO,- 
KNO,  system.    From  the  point  of  view  of  the  melting 


point  or  solubility  diagram  they  are  completely  analogous. 
Along  one  side  of  the  diagram  ice  is  the  solid  phase,  in- 
stead of  LiNO,  as  in  the  preceding  case ;  along  the  other 
side,  KNO,  is  solid  phase,  just  as  in  the  preceding  case. 
Addition  of  H20  to  KNO,  lowers  the  melting  point  of 
the  latter  progressively  until  the  eutectic  or  cryohydrate 
is  reached,  just  as  LiNO,  docs  in  the  preceding  case. 
The  curve  which  proceeds  from  the  cryohydrate  point  to 
higher  temperatures  we  are  accustomed  to  speak  of  as  the 
solubility  curve  of  KNO,  in  H,0.   If  we  heat  a  mixture 
containing,  say,  about  80  per  cent.  KNO„  the  last  trace 
of  solid  disappears  when  we  reach  the  melting  point  or 
solubility  curve;  the  solid  melts  completely  at  the  tem- 
perature given  by  the  curve.  If  we  cool  the  same  mixture 
from  a  higher  temperature,  solid  KNO,  will  begin  to 
separate  when  we  reach  the  solubility  or  melting  point 
curve;  the  solution  becomes  saturated  at  a  temperature 
given  by  this  curve.   At  a  temperature  slightly  below  the 
melting  point  of  KNO,  wc  may  find  the  liquid  phase  to 
consist  of  1  part  H,0  to  999  parts  of  KNO,,  just  as  in 
the  preceding  case,  and  in  this  case  also  we  may  say  that 
1  part  of  H.O  dissolves  999  parts  of  KNO„  if  we  so 
desire.     There  is  evidently  no  outstanding  distinction 
between  solvent  and  solute,  and  the  processes  of  solution 
and  fusion  are  completely  analogous.   The  circumstance 
that  LiNO,  is  not  volatile,  while  HaO  is  volatile,  and  re- 
quires pressure  to  hold  it  on  the  job  is  evidently  of 
secondary  importance. 

As  wc  proceed  from  the  cryohydrate  point  to  regions 
of  higher  temperature,  the  solubility  of  the  KNO,  in- 
creases, as  does  also  the  vapor  pressure  of  the  saturated 
solution.  When  the  temperature  has  been  raised  to  1 16*. 
the  vapor  pressure  has  increased  until  it  is  equal  to  that 
of  the  atmosphere,  and  we  are  at  the  boiling  point  of  the 
saturated  solution.  When  we  are  carrying  out  our  ex- 
periment in  a  closed  tube,  both  the  pressure  and  the  solu- 
bility continue  to  increase  past  the  boiling  point,  but  un- 
like the  solubility  the  vapor  pressure  of  the  saturated 
solution  reaches  a  maximum,  then  falls.  That  this  must 
needs  he  so  is  easy  to  sec.  The  solubility  curve,  and 
hence  also  the  vapor  pressure  curve,  go  from  the  cryo- 
hydrate point  to  the  triple  point  of  KNO,.  As  at  the 
latter  point  the  vapor  pressure  is  that  of  KNO,  at 
its  triple  point,  the  curve,  which,  as  we  know,  first  rises, 
must  reach  a  maximum  and  then  fall  to  almost  zero.  We 
have  in  the  case  of  vapor  pressure  two  opposing  tenden- 
cies. With  increase  in  temperature  the  solubility  of 
KNO;1  increases,  and  this  tends  to  decrease  the  vapor 
pressure  of  the  solution.  On  the  other  hand,  the  vapor 
pressure  tends  to  increase  because  of  the  increase  in  tem- 
perature of  the  solution.  With  the  less  concentrated 
solutions  the  latter  effect  predominates,  and  the  curve 
showing  the  change  of  vapor  pressure  with  temperature, 
the  P-T  curve,  rises.  As  the  solution  becomes  more 
concentrated  a  point  will  be  reached,  when,  because  of 
the  small  proportion  of  HjO  in  the  saturated  solution, 
the  former  effect  becomes  first  equal  to.  then  greater 
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Pig.  S. — PROJECTION'S  ON  THE  THREE  BOUNDING  PLANES  OP  THE 
SOLID  P-T-X  MODEL  POR  AN  IDEAL  BINARY  SYSTEM,  IN  WHICH 
NO  COMPOUNDS  ARE  FORMED. 

than,  the  latter,  and  the  P-T  curve  will  rise  to  a  maxi- 
mum, then  fall. 

We  have,  then,  in  a  two-component  system  the  three 
variables,  pressure  (P),  temperature  (T),  and  composi- 
tion. These  can  all  be  represented  by  a  solid  model,  in 
which  the  variables  P,  T,  and  composition  (X)  are  rep- 
resented by  the  y,  s  and  x  axes  respectively,  and  prob- 
ably the  best  way  to  consider  the  P-T  and  solubility 
curves  is  as  projections  of  such  a  model  on  the  appropri- 
ate one  of  the  bounding  planes.  Figure  2  shows  three 
such  projections.  The  first  is  the  solubility  or  T-X  pro- 
jection; the  projection  of  the  solid  figure  on  the  tem- 
perature-concentration plane.  A,  is  the  triple  point  of 
the  more  volatile  component,  A  ;  li„  the  triple  point  of  the 
less  volatile  component,  B.  The  next  curve  is  the  P-T 
curve,  the  projection  on  the  pressure-temperature  plane. 
A,  is  the  triple  point  of  A ;  the  curve  A.KA  is  the  vapor 
pressure  curve  of  pure  liquid  A;  the  curves  A.E  and 
EB,  the  P-T  curves  of  the  solutions  saturated  with  solid 
A  and  solid  B  respectively.  From  the  triple  point  the 
pressure  falls  to  the  cryohydrate  at  E,  then  rises;  the 
branch  EB„  in  the  two  figures  correspond.  The  latter 
curve  first  has  a  positive  slope,  which  diminishes  to  zero, 
and  is  followed  by  a  portion  of  negative  slope,  ending 
at  the  triple  point  of  B.  The  third  projection  is  the  P-X 
projection,  the  projection  on  the  pressure-concentration 
plane.  The  pressure  falls  from  the  triple  point  A.  of  the 
more  volatile  component  to  the  cutcctic,  then  on  further 
addition  of  B  it  rises  to  a  maximum,  then  falls  to  the 
pressure  at  the  triple  point  of  B.  These  projections  give 
the  general  relations  which  we  meet  with  in  binary 
systems  whose  components  differ  greatly  in  volatility  and 
in  which  no  compounds  are  formed.  The  system  H}0- 
KNO,  is  an  excellent  example,  as  arc  also  several  other 
nitrate-water  systems.  Unfortunately,  only  two  of  these 
have  been  studied  quantitatively,  HsO-KNO„  and 
HjO-AgNO,,  and  only  in  the  latter  case  have  both  the 
P-T  and  T-X  curves  been  determined.  The  maximum 
pressure  in  the  system  H^O-AgXO,  is  at  1.4  atm. 
and  170°. 

THE  "  SBCOHD  BOILIHG  FOIHT  "  OF  SATURATED  SOLUTIONS 

There  is  an  interesting  circumstance  connected  with 
this  maximum  pressure.  As  we  see,  the  P-T  curve  rises 
to  a  maximum,  then  falls.  As  we  heat  a  saturated  solu- 
tion we  pass  along  the  ascending  portion  of  the  P-T 
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curve,  and,  if  wc  are  working  under  the  appropriate  con- 
ditions, when  the  vapor  pressure  reaches  one  atmosphere 
the  solution  boils.  Here  we  have  a  boiling  point  which 
is  reached  on  heating  a  solution,  and  at  it  on  the  addition 
of  heat  the  reaction 

L  =  S  + V 

takes  place.  But  if  we  draw  a  horizontal  line  at  the 
height  of  one  atmosphere  we  find  that  it  cuts  the  P-T 
curve  in  two  points,  one  at  much  higher  temperature 
and  higher  salt  concentration  than  the  other.  This  latter 
is  the  second  boiling  point,  first  realized  by  Smits.* 
This  second  boiling  point  may  be  realized  by  cooling  the 
solution.  At  it,  on  addition  of  heat,  the  reaction 
S  -f-  V  =  L 

takes  place.  The  "spitting"  of  silver  on  freezing  is  a 
familiar  example  of  the  second  boiling  point 


THE  MELTIIfO  OF  SALT 

We  have  just  considered  the  case  that  no  compound 
is  formed  between  the  solvent  and  solute,  and  have  seen 
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that  the  solubility  curve  in  systems  containing  a  volatile 
component  and  the  melting  point  curve  in  systems  com- 
posed of  non-volatile  components  are  completely  analo- 
gous. Let  us  now  consider  the  case  of  formation  of 
compounds. 

As  an  example  let  us  consider  the  system  H,0-CaCI,. 
In  this  system  several  compounds  are  met  with,  and  the 
system  has  been  followed  over  a  considerable  tempera- 
ture range.  Figure  3  is  a  diagrammatic  representation 
of  this  system.  The  cryohydrate  is  at  about  — 55°  ;  above 
this  the  hydrate  CaCl,.6H,0  is  stable.  This  compound 
is  stable  until  the  quadruple  point  CaCl„.6H,0-CaG,. 
4H,0-liquid-vapor  is  reached,  at  39.2°.  It  will  be  ob- 
served that  this  solubility  curve  rises  to  a  maximum,  then 
falls.  On  one  side,  CaCl2.6HxO  exists  in  equilibrium 
with  liquids  containing  more  H20  than  the  solid  phase, 
on  the  other,  with  liquids  containing  less  H.O ;  addition 
of  excess  of  either  of  the  components,  H,0  or  CaClj, 
lowers  the  melting  point.  It  will  be  observed  that  here 
also  a  complete  analog)'  exists  between  systems  containing 
a  volatile  component,  and  systems  containing  only  non- 
volatile components;  we  will  later  consider  a  point  of 
difference. 

From  the  quadruple  point  we  have  a  new  branch  of 
the  solubility  curve,  along  which  the  temperature  also 
rises,  and  along  which  the  compound  CaCI,.4H,0  is 
stable.  This  curve  ends  at  the  quadruple  point  CaCl,. 
4H,0-CaCI,.2HjO-liquid-vapor,  where  a  new  solid  phase, 
CaCI2.2H20,  makes  its  appearance.  This  quadruple  point 
differs  from  the  preceding  in  an  important  particular. 
At  the  6-4  quadruple  point,  the  liquid  phase  contains  less 
H20  than  the  compound  CaQ2.6H20;  the  former  can 
exist  in  equilibrium  with  a  liquid  of  its  own  composition, 
i.e..  has  a  congruent  melting  point.  At  the  latter  quad- 
ruple point  the  liquid  contains  more  water  than  the  solid 
phase  CaO2.4H,0,  and  this  phase  cannot  exist  in  equili- 
brium with  a  liquid  of  its  own  composition;  it  has  an 
incongruent  melting  point.  When  the  former  compound 
is  heated  it  will  melt  completely;  the  latter  decomposes 
on  heating  with  formation  of  a  liquid  phase  and  a  lower 
hydrate,  CaCL2HsO.  Such  incongruent  melting  points 
are  very  common ;  similar  incongruent  melting  |>oints  or 
transition  points  are  met  with  in  systems  composed  of 
non-volatile  components. 

When  we  consider  the  projections  of  the  solid  P-T-X 
model  of  the  case  of  a  congruent  melting  point,  we  get 
the  diagram  shown  in  Fig.  4.  Curve  AQB  is  the  melting 
point  curve  or  solubility  curve  of  the  compound  AB,  end- 
ing at  the  quadruple  point  Q;  from  this  point  we  have 
the  melting  point  curve  of  the  pure  or  anhydrous  com- 
ponent B.  In  the  P-T  diagram,  the  pressure  increases 
from  the  cutectic  to  a  maximum,  then  decreases  with 
increasing  temperature,  until  a  point  of  maximum  tem- 
perature on  the  melting  point  curve  is  reached.  The  slope 
of  the  P-T  curve  then  becomes  positive  again,  and  both 
pressure  and  temperature  fall  until  the  quadruple  point  is 
reached.    From  here  we  have  the  P-T  curve  of  the 
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equilibrium  B  +  L  -f  V,  which  is  similar  to  the  H,0- 
KNO,  case. 

Proceeding  from  the  quadruple  point,  besides  the  two 
curves  giving  the  change  of  pressure  with  temperature 
of  the  saturated  solutions,  the  univariant  system  solid- 
liquid-vapor,  we  have  two  other  curves,  neither  of  which 


is  shown  in  the  figure.  One  of  them  is  the  dissociation 
pressure  curve  of  the  hydrate,  the  P-T  curve  of  the  uni- 
variant equilibrium  AB  +  B  +  V.  It  goes  from  the 
quadruple  point  to  regions  of  lower  temperature  and 
pressure.  The  other  curve  gives  the  change  in  eutectk 
temperature  with  pressure ;  it  is  almost  vertical,  and  as  a 
rule  both  temperature  and  pressure  increase  along  it. 

At  a  temperature  near  the  maximum  *  hence  to  the 
left  of  the  point  Q.  the  liquid  and  solid  phases  will  have 
the  same  composition;  this  is  the  lowest  temjjcraturc  at 
which  a  solid  phase  can  exist  in  equilibrium  with  a  liquid 
of  its  own  composition,  and  is  known  as  the  "minimum 
melting  point"  of  the  compound.  The  melting  point 
curve  of  the  compound,  the  curve  showing  the  change 
in  melting  point  of  the  compound  with  pressure  in  the 
two-phase  equilibrium  S  +  L,  is  tangent  to  the  solubility 
or  fusion  curve  at  the  minimum  melting  point. 

The  case  of  an  incongruent  melting  point  can  easily 
be  conceived  by  imagining  the  solubility  curve  of  anhy- 
drous B  to  cut  the  solubility  curve  of  AB  at  a  point  to 
the  left  of  the  minimum  melting  point  of  AB. 

THERMODYNAMICS  OF  MBLTIHG  POINT  CURVES 

Let  us  return  to  the  case  of  a  congruent  melting 
point  (Fig.  4).  So  far  we  haye  considered  the  phase 
relations  from  a  purely  graphical  point  of  view,  and  have 
not  mentioned  the  fundamental  thermodynamic  consider- 
ations which  govern  the  shape  of  these  curves.  The  sub- 
ject of  heterogeneous  equilibria  is  treated  in  a  masterly 
fashion  by  Willard  Gibbs  in  his  great  paper,  "On  the 
equilibrium  of  heterogeneous  substances."  From  the 
equations  derived  there  we  may  obtain, }  by  methods  *> 

•  The  exact  location  of  this  point  will  be  discussed  later, 
t  Williamson  and  Morcy,  J.  Am.  Chem.  Soc.  40.  49-5<»  I  19l«i 
Morey  and  Williamson,  J.  Am.  Chem.  Soc.  40,  59-S4  (1918) 
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simple  that  we  must  consider  it  to  be  implicit  in  his  work, 
the  equation : 

'  +  5=5 

or,  to  put  in  the  heat  changes  instead  of  entropy  changes, 

In  these  equations,  the  exponents  v,  /,  and  s  refer  to  the 
vapor,  liquid  and  solid  phases  respectively,  and  the  .r's 
refer  to  the  mol  fraction  solute.  A/7  and  Af '  refer  to  the 
so-called  differential  quantities,  For  example,  Af/'1  is 
the  differential  heat  of  solution  of  the  solid  in  the  satu- 
rated solution;  the  heat  change  which  takes  place  when 
1  mol  of  the  solute  dissolves  in  a  very  large  amount  of 
the  almost  saturated  solution. 

If  we  apply  this  equation  to  the  P-T  curve  along 
which  the  hydrate  AB  is  stable,  wc  get  the  following 
results.  In  the  numerator  the  quantities  A//'*'  and  A//", 
the  heat  of  vaporization  and  of  solution  or  fusion,  arc 
not  very  different  in  magnitude,  the  former  being,  as  a 
ride,  5  to  10  times  the  latter;  and  they  are  opposite  in 
sign,  the  latter  being  negative.  In  the  denominator,  the 
quantity  Al-'r'  is  very  large  and  positive,  while  the  quan- 
tity Af"  is  small  and,  in  practically  all  cases,  negative. 
Now  the  last  tenn  in  both  numerator  and  denominator 

is  affected  bv  the  coefficient  **  ~         The  mol  fraction 

x»  —  x* 

of  component  B  in  the  vapor  is  very  small  or  zero,  since 
the  volatility  of  solute  is  small;  the  mol  fraction  B  in 
the  comjiound  AB  is  0.5.  Hence,  near  the  cryohydratc 
point,  where  xx  is  also  small,  this  coefficient  is  approxi- 
mately a  positive  fraction.  Here  the  sign  is 
determined  by  the  first  and  larger  terms,  both  of  which 
are  positive,  and  the  P-T  curve  has  a  positive  slope. 

As  the  temperature  is  raised  the  mol  fraction  solute  in 
the  liquid  increases.  Hence  the  coefficient  in- 
creases rapidly,  as  the  numerator  is  increasing,  the  de- 
nominator decreasing.  The  effect  of  this  is  to  make  the 
second  term  in  both  numerator  and  denominator,  the  terms 
A//*'  and  A/  '*',  of  increasing  importance.  The  first  of 
these,  A//*',  is  not  very  different  in  magnitude  from  the 
term  A//'1 ;  the  latent  heat  of  evaporation  is  but  a  few- 
times  larger  than  the  latent  heat  of  fusion.  Hut  in  the 
denominator  the  tenn  A/'"  is  many  times  smaller  than 
the  term  A  J'""' ;  the  volume  change  on  evaporation  is  of  a 
different  order  of  magnitude  from  the  volume  change  on 
fusion.    Hence  the  increase  in  the  numerical  value  of 

-  ~-x'.  at  first  affects  only  the  numerator.       As  its  co- 

x  -  x- 

efficient  increases,  the  negative  second  term  increases 
until  it  is  equal  to  the  first,  and  positive,  term.  The  entire 
numerator  is  then  zero,  and  the  P-T  curve  has  a  hori- 
zontal tangent.  A  little  beyond  this  point  the  numerator 
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is  negative,  the  denominator  positive,  and  the  P-T  curve 
has  a  negative  slope.  On  further  increase  in  temperature, 
the  liquid  approaches  the  solid  phase  in  composition,  the 

denominator  approaches  zero,  and  the  coefficient 

attains  a  very  large  value ;  so  large  that  the  second  term 
in  the  denominator  becomes  numerically  equal  to  the  first 
term,  the  denominator  becomes  zero,  dp,  dT  becomes  in- 
finite, and  the  P-T  curve  has  a  vertical  tangent;  this  is 
the  point  of  maximum  tcm]»craturc.  On  further  increase 
in  temperature  both  the  numerator  and  denominator  be- 
come negative,         is  again  positive,  and  the  P-T  curve 

falls  to  the  eutcctic  point. 

By  applying  the  above  equation  to  any  particular  case, 
the  exact  course  of  the  P-T  curve  can  be  determined. 
Conversely,  knowing  the  slope  of  the  P-T  curve  and  the 
volume  changes,  the  heat  changes  can  be  calculated.  There 
is  one  additional  point,  which  the  equation  brings  out, 
which  I  wish  to  emphasize. 

In  all  we  have  considered  so  far  wc  have  found  only 
similarities  between  systems  containing  both  volatile  and 
non-volatile  components,  and  systems  containing  non- 
volatile components  only.  In  the  case  of  two  non-volatile 
conqtonenls,  the  maximum  temperature  on  the  melting- 
point  curve  of  a  compound  is  always  at  the  composition 
of  the  compound.  This  is  not  the  case  when  one  of  the 
comjionents  is  volatile,  and  we  are  not  working  at  con- 
stant pressure.  Consider  our  equation  again.  When 
liquid  and  solid  have  the  same  composition,  it  becomes 

dP  1  MI'1 
a  i  "  7  si" 

which  is  the  equation  of  the  P-T  curve  giving  the  change 
of  melting  point  with  pressure  of  the  condensed  system. 
As  we  saw  before,  this  point  on  the  solubility  curve  of 
the  compound  is  called  the  minimum  melting  (Miint,  and 
it  is  evident  from  the  equation  that  the  slope  of  the  curve 
at  this  point  can  only  be  infinite,  i.e.,  the  point  where  liquid 
and  solid  have  the  same  composition  can  only  Ik-  a  point 
of  maximum  temperature  on  the  solubility  curve,  when 
f'*1  is  zero.  In  general  the  quantity  is  negative,  and  the 
minimum  melting  |>oint  lies  at  higher  concentrations  of 
the  non-volatile  component  than  the  point  of  maximum 
temperature.  In  other  words,  in  systems  containing  vola- 
tile comj>onents  the  maximum  teni|>erature  is  disptaccd 
toward  the  more  volatile  component. 

ILLUSTRATION  :    THE  SYSTEM  WATER— POTASSIUM  SILICATE 

We  have  now  considered  the  most  important  cases  of 
equilibrium  between  volatile  and  mm- volatile  components 
in  which  no  critical  phenomena  make  their  appearance, 
and  have  found  that  in  general  the  systems  resemble  com- 
pletely those  formed  by  non-volatile  components,  as  illus- 
trated by  the  analog)'  between  the  systems  LiNOs-KNO, 
and  HjO-KNOj.  We  have  seen  that  the  processes  of 
solution  and  fusion  are  in  principle  identical,  and  that 
when  no  compounds  arc  formed  the  solubility  or  fusion 
curve  is  continuous  from  the  eutectic  or  cryohydrate  point 
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to  the  melting  point  of  the  anhydrous  component.  But 
few  examples  of  complete  solubility  curves  have  been 
worked  out.  Until  recently,  the  only  example  has  been 
the  system  H,0-AgNO,.  While  this  has  not  been  studied 
in  detail,  most  of  the  T-X  and  P-T  curves  have  been 
determined  and  the  second  boiling  point  has  been  located. 
In  the  case  of  HsO-KNOj,  only  the  T-X  curve  has  been 
determined,  and  the  second  boiling  point  located.  In 
neither  of  these  cases  has  the  pressure  been  very  high; 
as  a  matter  of  fact,  it  does  not  necessarily  follow  that 
the  pressure  must  rise  to  a  high  value,  even  though  a 
comparatively  high  temperature  is  reached.  In  the  system 
H,0-KOH,  the  maximum  pressure  is  less  than  one  atm. ; 
a  solution  of  KOH  cannot  be  boiled  to  dryness  at  atmos- 
pheric pressure. 

More  complete  examples  arc  found  in  some  of  the 
binary  systems  in  the  ternary  system  H,0-K,SiOj-SiOj. 
which  has  recently  been  studied.*    In  the  cases  just 


curve  of  K.SiO,.  In  this  case  we  have  two  compounds 
and  the  anhydrous  metasilicate,  and  both  of  the  hydrates 
have  incongruent  melting  points.  We  see  here  that  the 
critical  temperature  of  water  is  without  influence  on  the 
solubility  curve.  The  upper  curve  is  the  solubility  curve 
of  K.Si,0„.  We  have  here  one  hydrate,  K,Si,O..H,0. 
Here,  also,  the  critical  temperature  of  water  is  without 


HJO, 


1.0    95    83   P    65    D3  83" 
MOl  FRACTIOM  H,0 

Pic-..  5.-T-X  CURVES  OF  THHE^J^*£  SYSTEMS  It.0-K.SiO.  AND 

enumerated,  the  salts  have  had  low  melting  points,  and 
very  high  pressures  have  not  been  reached.  Figure  5 
shows  the  T-X  curves  of  the  binary  systems  HjO-K^SiO, 
and  H20-K5Si,Ov    The  lower  curve  is  the  solubility 

•  Morey  and  Fenner,  J.  Am.  Chem.  Soc.,  39,  1173-1229  (1917). 


KJO, 


influence  on  tlie  solubility  curve.  These  curves  were  not 
followed  to  lower  temperatures,  because  of  the  compounds 
being  decomposed  by  water.  Let  us  digress  a  moment  to 
consider  the  case  that  the  comjxiund  is  decomposed  by 
water. 

As  we  saw  before,  when  we  are  dealing  with  a  ternary 
system  in  which  the  solvent  is  a  mixture  of  alcohol  and 
water,  it  is  necessary  to  specify  the  alcohol-water  ratio; 
i.e.,  to  fix  the  composition  of  the  solvent.  If  we  are  deal- 
ing with  a  ternary  system  such  as  water-KIO,-HIO,  (Fig. 
6).  similar  restrictions  must  be  made.f  If  we  arc  dealing 
with  a  compound  such  as  the  acid  potassium  iodate, 
KIO3.HIO3,  we  may  impose  the  restriction  that  the  ratio 
KIO„  to  UK),  is  the  same  in  the  liquid  as  in  the  solid 
phases,  which  is  equivalent  to  assuming  a  binary  system, 
or  we  may  specify  the  KIO,  to  HIOs  ratio.  But  when 
we  speak  of  the  solubility  of  the  compound  containing 
two  molecules  of  HIO:i  to  one  KIOJ(  KIO^HIO,,  we 
find  that  it  is  decomposed  by  water.  On  adding  this  salt 
to  water,  when  a  solid  phase  appears  it  is  not  KIO„.2HIO, 
but  KIO,. MO, ;  the  acid-richer  compound  is  only  a  stable 
solid  phase  in  contact  with  solutions  containing  more 
HIO,,  than  the  solid  phase.  Hence  to  speak  of  its  solu- 
bility in  water  is  meaningless  ;  we  must  specify  the  KIOj- 
HlOj  ratio  in  the  solution.  This  is  also  true  of  the  com- 
pound KjOZSiO,  below  285°.  and  of  K,O.Si02  below 
+  180* .    I  have  brought  out  this  point  to  emphasize  the 

t  See  the  discussion  of  litis  point  by  Morey  and  Fenner. 
loc  cit. 
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necessity  of  specifying  enough  conditions  to  make  our 
statements  precise,  and  this  usually  means  to  obtain  an 
invariant  system.  In  the  case  of  a  gas  in  water  we  do  this 
by  fixing  the  temperature  and  pressure.  In  the  case  of 
a  binary  salt-water  system,  we  do  this  by  fixing  the  tem- 
perature, and  assuming  that  we  are  working  either  at  the 
fixed  pressure  of  one  atmosphere  or  at  the  vapor  pressure 
of  the  solution.  In  a  system  of  more  components  it  is 
necessary  to  define  more  variables. 

These  facts  are  evidently  not  realized  by  those  who 
try  to  determine  solubilities  of  minerals  such  as  the  feld- 
spars in  water  at  ordinary  temperatures.  Such  minerals 
arc  decomposed  by  water;  the  end  result,  if  equilibrium 
is  reached,  is  an  alkaline  solution  containing  vanishingly 
small  quantities  of  alumina,  silica  and  lime,  in  equilibrium 
with  a  solid  phase  of  a  composition  totally  different  from 
that  of  the  original  mineral.  Such  solubility  determina- 
tions are  meaningless;  they  are  usually  only  rates  of  re- 
action under  poorly  defined  experimental  conditions. 

THE  APPEARANCE  OF  CRITICAL  PHENOMENA 

In  all  the  cases  we  have  considered  so  far,  the  solu- 
bility has  been  considerable.  In  the  case  of  the  H,0- 
potassium  silicate  systems,  we  have  seen  that  the  solu- 
bility curves  were  followed  up.  to  over  1000 5,  far  above 
the  critical  tem|>eraturc  of  H.2Q,  and  that  the  latter  point 
was  without  influence  on  the  solubility  curve.  When  the 
solubility  of  the  salt  is  small  conditions  may  be  very 
different.  Let  us  examine  the  solubility  curve  of  Na.SO, 
in  H3Op  as  determined  by  Smits  and  Wuite.*  Incidentally 
I  must  mention  the  fact  that  to  Professor  Smits  of  the 
University  of  Amsterdam  is  due  most  of  our  knowledge, 
theoretical  and  practical,  of  the  interesting  field  which  we 
are  about  to  consider. 

Figure  7  shows  the  solubility  curve  of  Na,S04  in  H,0 
from  zero  to  360".  We  are  all  familiar  with  the  lower 
portion  of  this  curve;  curve  AB  is  the  ice  curve ;  point  B, 
the  cryohydrate ;  curve  BE  is  the  solubility  curve  of 
Na,SO,.10H2O,  ending  at  point  E,  the  transition  point 
of  the  10-hydrate,  i.e..  the  quadruple  point  NajSO4.10HjO- 
NatS04-L-V;  curve  DRFF  the  solubility  curve  of  anhy- 
drous NajSO,.  At  first  the  solubility  curve  of  Na,SO, 
is  retrograde ;  the  solubility  first  decreases  with  tempera- 
ture, but  then  it  passes  through  a  point  of  vertical  tangency 
and  becomes  normal.  At  F  we  have  another  quadruple 
point,  at  the  transition  from  rhombic  to  monoclinic 
Na.SO,.  The  solubility  curve  of  the  latter  is  retrograde 
throughout  its  course,  and  at  the  critical  temperature  of 
water  the  solubility  has  become  so  small  that  the  critical 
point  of  the  latter  is  unaltered.  The  concentration  at 
point  P  has  been  greatly  exaggerated  in  order  to  make 
plain  the  relations  existing  there.  The  curve  HP  is  the 
solubility  curve  of  Na2S04  in  the  vapor  phase,  which  in 
reality  will  practically  coincide  with  the  H,0  axis.  Rut, 

•  A.  Smit*  and  J.  P.  Wuite,  Proc.  Acad.  Sci.  Amsterdam. 
12,  244  (1909). 


Ph..  7.— LOWER  PORTION  OF  THE  T-X  DIAGRAM  OF  THE  SYSTEM 
HiO-NuSO.. 


as  we  shall  see  later,  at  the  critical  temperature  of  the 
solution  it  is  necessary  that  liquid  and  vapor  phases  have 
the  same  composition,  hence  they  must  flow  together  as 
shown. 

This  is  in  strong  contrast  to  the  cases  previously  con- 
sidered, where  with  greater  solubility  no  critical  phe- 
nomena took  place.  There  must  be  all  gradations  between 
the  two  cases ;  we  will  first  consider  the  underlying  causes 
of  the  formation  of  critical  end-points,  then  some  actual 
cases. 

Consider  again  Figure  2,  which  shows  the  projections 
of  the  solid  model  for  the  case  that  critical  end-points  are 
not  met  with.  The  curve  A.KA  is  the  vapor  pressure 
curve  of  liquid  A,  ending  at  the  critical  temperature  of 
A.   Curve  B.KB  is  the  vapor  pressure  curve  of  liquid  B, 
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ending  at  the  critical  temperature  of  B.  The  broken  curve 
represents  the  critical  curve  or  plait-point  curve  of  mix- 
tures of  A  and  B.  It  will  be  observed  that  addition  of 
either  component  raises  the  critical  temperature  of  the 
other.  This  is  generally  true,  though  the  intermediate 
portion  of  the  curve  may  have  a  more  complicated  form. 
The  plait-point  curve  is  continuous  from  critical  point  to 
critical  point.  In  this  case  it  lies  wholly  above  the  P-T 
curve;  the  critical  phenomena  arc  shown  by  unsaturated 
solutions  only. 

But  suppose  the  solubility  of  the  other  component 
were  small,  so  that  the  vajwr  pressure  of  the  system  be- 
came great,  and  the  P-T  curve  of  the  saturated  solution 
cut  the  plait-point  curve.  We  then  would  have  relations 
such  as  are  shown  in  Figure  8;  the  lettering  is  the  same 
as  Figure  2.  First  observe  that  the  plait-point  curve  is 
cut  in  two  places  by  the  solubility  or  fusion  curve.  The 
lower  intersection  gives  rise  to  the  first,  the  upper,  to  the 
second,  critical  end-point.  Below  the  first,  and  above 
the  second,  critical  end-points,  critical  phenomena  are 


(!/ 


Fie.  8— PROJECTIONS  OP  THE  SOLID  PT-X  MODEL  FOR A  BINARY 
SYSTEM  HAVING  CRITICAL  KND-POINTS. 

shown  only  by  unsaturated  solutions.  At  the  two  end- 
points  the  critical  phenomena  are  shown  by  saturated  solu- 
tions. At  these  points,  then,  we  have  equilibrium  between 
a  solid  phase,  and  liquid  and  vapor  phases  identical  in 
composition.  Note  that  here  the  volatility  of  the  second 
component,  however  small  it  may  be,  must  be  considered. 
In  the  case  of  Na,S04,  the  curve  H-P,  which  is  greatly- 
exaggerated  in  Fig.  7,  shows  the  composition  of  the  vapor 
phase,  which  becomes  identical  with  the  liquid  phase  at 
the  critical  end-point.  In  Fig.  8  we  see  similar  effects  at 
both  end-points. 

We  may  look  at  these  relations  from  another  point  of 
view.  At  the  melting  point  of  the  non-volatile  component, 
the  volatile  component  exists  as  a  gas.  It  will  dissolve  in  the 
melt,  and  lower  the  melting  [mint  of  thclatter.  Thesolubility 
of  H  and  N  in  molten  metals,  e.g.,  Ni,  has  been  determined. 
If  we  have  the  gas  under  a  pressure  of  2  atmospheres, 
approximately  twice  as  much  will  be  dissolved  by  the  non- 
volatile component,  and  a  greater  melting  point  lowering 
will  be  obtained.  But  we  cannot  continue  this  indefinitely ; 
a  point  will  be  reached  at  which,  no  matter  what  pressure 
we  put  on,  enough  gas  cannot  be  kept  in  solution  to  de- 


0      to     SO     30     AO      SO     60      70      SO     90  100 
Aether  X  ArahracJtinoris 

Ph..  9.-T-X  DIAGRAM  OP  THE  SYSTEM  BTHER-ANTHRAQUINONE. 


press  the  inciting  j>oint  further;  the  saturated  solution 
will  show  critical  phenomena,  and  we  will  have  arrived 
at  the  second  critical  end-point.  Below  this  only  solid 
and  vapor  phases  are  stable,  until  we  reach  the  first  criti- 
cal end-point,  when  a  liquid  phase  again  becomes  stable. 


Only 


one  exam 


pie  of  systems  of  this  type  has  been 


worked  out,  the  system  cthcr-anthraquinonc,  studied  by 
Sniits*  Figures  9  and  10  show  the  experimentally  de- 
termined T-X  and  P-T  curves.  Curve  cp  is  the  lower 
portion  of  the  solubility  curve  of  anthraquinone  in  ether, 
curve  </d,  the  upper  portion.  At  the  critical  end-points 
f>  and  q,  the  liquid  and  vapor  phases  become  identical  in 
composition.    In  the  P-T  curve  (Fig.  10)  the  upper 


no  mo  no  too  Ito  no  3JO 


Pir..  10.-H-T  DIAGRAM  OF  THE  SYSTEM  ETHER-ANTHRAQUIXONE. 
♦A.  Smits,  Proc.  Akad.  Wettenschappen,  1911,  191. 
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curves,  ca  and  tjb,  are  the  two  portions  of  the  plait-point 
curve,  the  lower  curves  cp  and  gd  the  two  portions  of  the 
solubility  curve. 

While  this  is  the  only  case  which  has  been  worked  out, 
the  occurrence  of  critical  end-points  is  common.  Such 
systems  are  of  first  importance  in  geochemistry,  where  we 
have  magmas  composed  of  volatile  and  non-volatile  com- 
ponents, under  pressures  sufficient  to  prevent  the  volatile 
components  from  escaping.  One  conclusion  from  which 
we  cannot  escape  follows  from  the  fact  that  at  the  critical 
end-point  liquid  and  vapor  have  the  same  composition. 
There  is  no  doubt  that  at  the  first  critical  cnd-|>oint  these 
phases  arc  practically  all  water,  in  the  case  of  most  mineral 
systems  composed  of  water  and  the  predominating  con- 
stituents of  intrusive  magmas,  e.g.,  quartz  and  feldspar. 
But  (he  same  is  probably  true  of  the  second  critical  end- 
point  ;  it  does  not  seem  probable  that  we  can  have  a  vapor 
phase  containing  any  large  proportion  of  anorthite,  for 
example.  If  we  grant  this  possibility,  that  the  proportion 
of  water  at  the  second  critical  end-point  is  very  large,  it 
also  follows  that  the  temperature  must  be  comparatively 
low ;  the  second  critical  end-|>oint  must  lie  at  a  tempera- 
ture not  far  above  the  first*  We  then  will  have  a  con- 
tinuous melting-point  curve  in  the  system  H,0-anorthite 
from  the  melting  point  of  the  latter — 1550° — down  to 
comparatively  low  temperatures,  say.  400°  to  500".  That 
is  one  of  the  subjects  at  present  being  studied — or  was 
before  the  war — and  preliminary  results  showed  that  the 
upper  portion  of  the  curve  is  capable  of  ex]Krrimental 
verification.  It  may  be  of  interest  to  know  that  molten 
anorthite,  CaO.AljOa.2SiO;,,  dissolves  enough  water  at 
one  atmosphere  pressure  to  decrease  its  melting  point  5°. 

THE  DETERMINATION  OF  SOLUBILITY  AT  HIGH  TEMPERATURE 
AKD  PRESSURE 

The  experimental  study  of  solubility  under  high  tem- 
peratures and  pressures  is  a  matter  of  great  experimental 
difficulty.  The  combination  of  pressures  of  hundreds,  or 
it  may  be,  thousands,  of  atmospheres,  at  temperatures 
from  a  red-heat  to  over  1000°  is  indeed  a  formidable  one, 
and  to  it  must  be  added  the  corrosive  action  of  the  volatile 
component.  The  simplest  method  of  studying  solubility 
under  pressure  is  to  seal  known  quantities  of  solvent  and 
solute  in  glass  or  fused  silica  tubes  and  heat,  observing 
the  temperature  at  which  the  solvent  disappears.  This  is 
the  standard  method,  the  one  used  by  Guthrie  with  KNO„ 
and  by  Smits  and  W'uite  with  Xaj.S04.  This  method  is 
not  well  suited  to  high  temperatures,  especially  with  sili- 
cate systems.  It  is  difficult  to  use  a  container  which  is 
one  of  the  components  of  the  system  being  studied,  as  is 
the  case  with  glass  or  silica.  Also,  it  is  necessary  to  de- 
termine the  vapor  pressure  of  the  solutions,  or  guess  at  it, 

•  In  the  multi-component  systems  met  with  in  nature  the 
relations  will  of  course  be  more  complicated,  but  those  com- 
plications can  not  be  discussed  here. 

ENGINEERS'  CLUB 


Pic.  It.— CROSS  SECTION  OF  BOMB  USED  FOR  HYDROTHBRMAL 
EXPERIMENTS. 

OP     PHILADELPHIA  517 

Digitized  by  Google 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


.IIIIIIIIIIIIIIIHIIUi 


THE      WASHINGTON      SQUARE  rHtS> 


J.  B.  LIPPINCOTT  COMPANY 

«tT  BOOTH  sixth  IT* BET,  PH I t. a itr.i.rm  \ 

PUBLISHERS   AND  PRINTERS 


Tvj>csetting,  Illustrating.  Printing,  Bind- 
in*;  and  Mailing  of  Weekly  and  Monthly 
Periodicals;  Catalogues,  Genealogical, 
Historical  and  Medical  Works;  Fine 
Editions  of  Books  of  all  Descriptions 
for  General  or  Private  Distribution. 

J.  B.  LIPPINCOTT  COMPANY 


PHILADELPHIA 


MONTREAL 


LONDON 


IIIIIIIIIIIH1'     Willi  II  lil1  "IIIIIIIMIIIIIH 


NOVEMBER,     NINETEEN     HUNDRED     AND  EIGHTEEN 


Digitized  by  Google 


SOLUBILITY     AND     FUSION  RELATIONS 


in  order  to  correct  for  the  amount  of  solvent  in  the  vapor 
phase.  This  correction  is  small  at  low  temperatures,  but 
as  the  vapor  pressure  increases  it  becomes  increasingly 
important. 

A  method  of  study  which  has  been  applied  success- 
fully to  the  alkaline  silicates,  aluminates  and  ferrites  con- 
sists in  heating  the  charge  in  bombs  of  the  type  shown  in 
Fig.  11.  The  bomb  consists  of  three  parts,  the  body,  E, 
the  plunger,  C,  and  the  screw  plug,  B,  all  made  from  tool 
steel.  The  closure  is  effected  by  means  of  a  copper,  or, 
at  high  temperatures,  a  gold  or  silver  washer,  D,  held  in 
place  by  the  plunger  and  screw  plug.  The  bombs,  as  a 
rule,  are  not  lined,  but  the  charge  is  placed  in  a  gold 
crucible,  G,  in  the  bottom  of  the  bomb. 

The  method  of  using  this  apparatus  for  quantitative 
solubility  determinations  is  as  follows:  *  The  weighed 
charge  is  placed  in  the  crucible,  heated  to  the  temperature 
of  the  experiment,  and  left  until  equilibrium  is  attained. 
The  bomb  is  then  removed  and  chilled  by  plunging  into 
water.  The  crucible  is  then  removed,  weighed,  and  ex- 
amined under  the  microscope. 

When  the  charge  is  at  the  temperature  of  the  experi- 
ment, its  condition  depends  on  its  composition.  If  enough 
H,0  is  present  to  dissolve  all  the  solid  material,  and  at 
the  same  time  saturate  the  vapor  space  at  the  temperature 
of  the  experiment,  the  charge  in  the  crucible  will  be  all 
liquid.  If  the  amount  of  H,0  is  diminished  below  this, 
all  the  solid  phase  will  not  be  dissolved ;  we  will  have  a 
mixture  of  crystals  and  liquid.  Xow  by  chilling  the  melt 
it  is  possible  to  freeze  the  equilibrium,  and  by  examina- 
tion of  the  cooled  charge  one  can  tell  whether  or  not  the 
amount  of  water  present  was  sufficient  to  dissolve  all  the 
solid  phase.  By  varying  the  amount  of  water,  the  exact 
amount  necessary  to  add  in  order  to  dissolve  the  known 
amount  of  solid  material  can  be  determined.  By  weighing 
the  crucible,  containing  the  known  weight  of  non-volatile 
material,  after  cooling,  one  can  determine  the  composition 
of  the  saturated  solution;  a  point  on  the  solubility  curve 
of  the  compound.  Knowing  the  amount  of  water  added 
and  the  amount  in  the  liquid  phase,  the  difference  gives 
the  amount  in  the  vapor  phase.  Knowing  the  tempera- 
ture and  the  volume,  the  pressure  can  then  be  calculated. 

Bombs  of  this  type  have  been  used  in  over  three  thou- 
sand experiments,  and  under  a  wide  range  of  temperatures 
and  pressures.  Below  500°  C.  they  last  indefinitely,  and 
remain  tight  under  all  the  water  vapor  pressure  that  can 
be  developed— I  say  water  vapor  pressure  because  ob- 
viously one  dare  not  put  so  much  water  in  a  bomb  that 
it  will  be  completely  filled  with  water  below  the  critical 
temperature.  But  pressures  as  high  as  400  atmospheres 
have  been  held  at  600°,  and  experiments  have  been 

*  See  Morey  »nd  Fenner,  loc.  cit.,  for  a  detailed  discus- 
sion of  this  method  of  solubility  determinations 


successfully  carried  out  at  700J  and  100  atmospheres 
pressure. 

By  this  means,  a  number  of  systems  have  been  studied, 
more  or  less  completely.  Most  of  the  work  is  still  un- 
published. In  the  only  system  published,  the  system 
HjO-KjSiO.-SiO,,  a  number  of  new  compounds  were 
obtained,  their  properties  determined,  and  the  equilibrium 
relations  of  the  system  worked  out  With  the  other 
alkali  silicates  the  work  has  not  been  completed ;  the  ex- 
istence of  a  number  of  compounds,  more  or  less  similar 
in  type  to  the  potassium  silicates,  has  been  shown  and 
their  equilibrium  fields  in  part  outlined.  The  work  on 
the  alkali  aluminates  has  been  interesting  in  proving  the 
existence  of  a  number  of  compounds,  many  of  which  form 
well-developed  crystals.  One  of  these  is  the  anhydrous 
monopotassium  aluminatc,  KjO.AL/),,  which  crystallizes 
beautifully  in  large  octahedral  crystals.  A  similar  com- 
pound has  been  found  to  exist  in  the  system  H,0-K,0- 
Fe,0,-monopotassium  fcrritc,  K,O.Fe203,  which  forms 
well-developed  octahedral  crystals,  of  a  beautiful  reddish 
color.  Unlike  the  monopotassium  aluminate.  monopotas- 
sium ferrite  forms  no  compounds  with  water,  and  is  de- 
composed by  water  below  500°  C 

This  method  of  studying  solubility  or  fusion  relations 
is  applicable  only  to  cases  in  which  the  solubility  is  great 
enough  so  that  liquid  solutions  can  be  obtained  at  not  too 
high  pressures,  and  in  which  crystallization  is  sluggish 
enough  to  permit  the  use  of  the  quenching  method.  An- 
other method  has  been  developed  which  can  be  extended 
to  regions  impossible  to  study  by  any  other  means.  The 


1  ! 
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Pic.  12— DIAGRAM  ILLUSTRATING  THE  METHOD  OP  DETERMIN- 
ING THE  SOLUBILITY.  I  E.  THE  T-X  CURVE.  FROM  VAPOR 
PRESSURE  MEASUREMENTS.  I.E..  THE  P-T  CURVE. 

theory  on  which  it  is  based  is  evident  from  a  consideration 
of  Figure  12,  which  should  be  compared  with  Figure  2. 
When  we  place  a  solvent  and  solute,  in  known  proportions, 
in  a  closed  vessel,  so  designed  that  the  vapor  pressure 
can  be  measured,  we  see  from  this  curve  that  as  long  as 
we  have  present  excess  solid  phase  the  P-T  curve  we 
obtain  will  coincide  with  the  P-T  curve  of  the  univariant 
equilibrium  solid-liquid-vapor.  For  example,  if  we  start 
with  a  mixture  of  the  composition  given  by  point  1  of 
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Ashes  ^ 


V  *  *  M.  V.« 

Repairs 


Ashes  are 
perhaps  the 
most  difficult 
material  to  handle 
mechanically,  due 
to  the  fact  that  they 
are  apt  to  be  red  hot,  or 
dripping  wet. 

Abrasion,  distortion  due  to 
intense  heat,  and  corrosion  must 
be  contended  with.    Large  clinkers 
must  be  handled,  also  soot  and  flue 
dust. 

BEAUMONT 
SKIP  HOIST 

Tho  right  way  with  ivvhox 

best  meets  these  requirements. 

We  suggest  a  comparison  between  the 
skip  hoist  and  any  other  method,  cover- 
ing operating  expenses,  interest  on  the 
investment,  and  maintenance  charges, 
be  made  by  the  engineer  before  de- 
ciding which  system  to  install. 

Catalog  34  describing  the  Skip  Hoist  is 
yours  for  the  asking. 

R-  h.  BEAUMONT  co. 

454  CHESTNUT  STREET 
PHILADELPHIA,  PA. 

Specialists  for  25  ytart  in  compltle 
equipments  for  handling  coal,  cok* 
and  ashes  in  bailor  and  gas  houses. 
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AMERICAN 

W         STELL   SPLIT  V 

r  PULLEYS 


Correctly  designed  for  maximum  strength 
with  light  weight.  Guaranteed  for  minimum 
belt  slip,  minimum  air  resistance,  double  belt 
service,  rim  speeds  up  to  6000  feet  per  minute. 

The  American  Pulley  Company 


Philadelphia.  Pa. 


Valuable  book  "Getting 
Maximum  Pulley  Effi- 
ciency" tent  free  on 
request. 


When  the  War  is  Over — 
Then  What? 

WHAT  MARKET  WILL  YOU  HAVE? 

ARE  YOU  UTILIZING  ALL  OF  YOUR 
OPPORTUNITIES  BY  JUDICIOUS  AD- 
VERTISING? 

THE  JOURNAL  OF  THE  ENGINEERS' 
CLUB  OF  PHILADELPHIA  OFFERS  THE 
BEST  POSSIBLE  MEDIUM  TO  REACH 
SEVERAL  THOUSAND  ENGINEERS  IN 
THE  LARGEST  MANUFACTURING 
CENTER  IN  THE  UNITED  STATES. 


Addkkhh 

THE  PUBLICATION  COMMITTEE 
1817  SPRUCE  STREET  PHILADELPHIA 
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ENGINEERING    AS    A  FORCE 


the  T-X  curve  and  heat,  we  will  follow  the  P-T  curve  of 
the  saturated  solutions  until  the  temperature  is  reached 
at  which  the  solid  phase  disappears.  At  this  point  the 
pressure-temperature  curve  obtained  will  show  a  change 
in  direction ;  the  P-T  curve  of  the  change  in  vapor  pres- 
sure with  temperature  of  the  unsaturated  solution.  By 
determining  a  series  of  such  P-T  curves,  with  increasing 
proportions  of  solute,  we  will  obtain  a  P-T  curve  such  as 
is  shown  in  Fig.  12.  The  temperature  at  which  the  solid 
phase  disappears  in  each  case  can  be  found  from  the 
curve,  being  given  by  the  point  of  intersection I  of  the 
P-T  curve  of  the  unsaturated  solution  and  the  P-T  curve 
of  the  univariant  solution  and  the  P-T  curve  of  the 
univariant  equilibrium  solid  +  "liquid  4-  vapor. 
Hence  we  know  the  temperature  at  which  each  known 
amount  of  solvent  will  just  dissolve  the  known  amount 
of  solute,  the  melting  temperature  of  each  mixture.  The 
method  has  worked  well  in  practice.  The  location  of  the 
intersection  of  the  two  curves  is  facilitated  by  the  ease 
with  which  solutions  become  supersaturated;  on  cooling 
this  solution  it  may  almost  invariably  be  cooled  well  In- 
low  the  3-phase  curve,  as  shown  by  the  dotted  lines,  and 
hence  we  have  a  very  definite  intersection  to  locate. 
This  work,  as  has  atl  the  research  work  in  our  laboratory, 
has  been  interrupted  by  the  war. 

SUMMARY 

To  summarize,  we  have  seen  that  solubility  curves  can 
be  divided  into  two  classes,  those  in  which  the  solubility 
curve  intersects  the  plait-point  curve,  and  those  in  which 
there  is  no  such  intersection.  We  have  seen  that  in  the 
latter  case  the  solubility  curve  is  continuous  from  the 
eutectic  or  cryohydrate  |>oint  to  the  melting  point  of  the 
anhydrous  component,  and  that  there  is  no  distinction 
between  solubility  and  fusion  curves,  and  that  no  out- 
standing distinction  can  be  made  between  solvent  and 
solute.  In  this  case  the  critical  jioint  of  the  solvent  is 
without  influence  on  the  equilibrium  relations.  When 
the  solubility  curve  intersects  the  critical  curve,  two  criti- 
cal end-points  are  found.  Below  the  first,  and  above  the 
second,  critical  end-point,  the  relations  are  similar  to 
those  in  the  first  case.  At  the  critical  cnd-]x>int  the  satu- 
rated solutions  show  critical  phenomena,  and  liquid  and 
vapor  phases  have  the  same  composition.  Lastly,  we  have 
considered  some  methods  for  the  experimental  study  of 
solubility  or  fusion  relations  at  high  temperatures  and 
pressures. 

t  That  the  two  curves  are  not  tangent,  hut  intersect,  can 

dP 

be  readily  *een  from  a  comparison  of  the  slope*.       in  each  case 


ENGINEERING  AS  A  FORCE  IN  PHILADELPHIA'S 
PROGRESS  ♦ 

By  J.  FRANKLIN  STEVENS 
Pre.id«.t  Engines.'  Club  of  Philadelphia 


THE  value  of  Philadelphia's  location,  lying  as  it  does 
between  the  great  natural  resources  of  central 
Pennsylvania  and  the  sea,  has  been  often  discussed, 
but  too  little  attention  has  been  paid  to  the  value  of  the 
services  which  her  citizens  have  rendered  in  taking  full 
advantage  of  her  favorable  location. 

Lying  immediately  west  of  us  we  have  the  largest 
and  most  valuable  coal  fields  in  the  world,  together  with 
vast  agricultural  and  mineral  resources;  within  our  city 
limits  we  have  two  great  rivers  giving  direct  access  to  the 
sea  and  every  facility  at  hand,  or  susceptible  of  develop- 
ment, for  a  great  shipping  port  for  overseas  and  coast- 
wise trade.  These  natural  advantages  have  already  made 
us  the  greatest  manufacturing  city  in  this  country,  and 
if  we  arc  prepared  to  take  advantage  of  them,  will  main- 
tain us  in  this  position  and  likewise  will  make  us  one 
of  the  great  shipping  |)orts  and  mercantile  centres. 

In  the  development  of  our  present  position  no  single 
force  has  been  greater  than  that  of  the  engineering  pro- 
fession, for  it  first  developed  our  mines  and  other  nat- 
ural resources,  planned  and  constructed  the  railways  to 
bring  these  resources  to  us,  designed  and  erected  the  fac- 
tories in  which  natural  resources  are  transformed  into 
manufactured  products,  and  designed  and  built  the  ships 
and  ]>ort  facilities  whereby  the  finished  products  may  be 
transported.  No  class  of  men,  professional  or  non-pro- 
fessional, has  been  so  closely  identified  with  or  so  great 
a  force  in  Philadelphia's  progress  in  the  past,  and  no 
force  can  be  more  confidently  counted  upon  to  assist 
in  her  future  progress. 

The  unusual  conditions  imposed  upon  us  by  the  war 
and  the  response  made  by  the  engineers  of  Philadelphia 
illustrate  the  effectiveness  of  this  force  and  give  great 
promise  for  the  future.  The  story  of  engineering  ac- 
complishment is  being  written  in  the  records  of  the  En- 
gineers' Club  of  Philadelphia  and  later  on  will  be  incor- 
porated as  an  important  part  in  the  history  of  Philadel- 
phia's progress — past,  present,  and  future. 

This  Club,  which  is  the  representative  organization 
of  engineers  in  Philadelphia,  has  an  active  membership 
of  about  2000,  with  an  additional  affiliate  membership 
of  1500.  Already  it  has  contributed  some  300  members 
to  the  national  defense,  its  members  holding  rank  from 
private  to  Brigadier  General  in  the  Army  and  from 
sailor  to  Rear  Admiral  in  the  Navy,  while,  almost  without 
exception,  the  remaining  members  are  actively  engaged 

•  Reprinted  from  "  The  Corn  Kxchatige."  September  28. 
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SUPREMACY 


is  a  word  that  is  pretty  loosely 
employed — too  often  constituting 
the  opinion  of  the  user  solely, 
without  reflecting  general  opinion. 

But  if  supremacy  in  furnace 
bridge  wall  construction  implies 
— as  we  think  it  does — an  all- 
around  superiority  in  a  business 
established  over  a  period  of  years 
and  endorsed  by  organizations 
both  large  and  small,  then  the 
supremacy  of  our  company  and 
our  product — the  "Wager  Patent 
Improved  Furnace  Bridge  Wall" 
— are  positively  beyond  quibble 
or  question. 


» 


1 


Wager  Furnace 

149 


Wall  Co.,  Inc. 

New  York  Chy 
Philadelphia,  Detroit.  Seattle,  Portland,  San  Francisco 

FOREIGN  REPRESENTATION 

SmwiiiiiiiiiiiiiiiunwiiiiiiiM 
liiiiiroiimiiniiiiiiiiM 

I  Expanded  Metal  | 
Reinforcement  for  Concrete  I 

Was  invented  and  first  manufactured 
in  the  United  States. 

The  real  adaptability  and  value  o£ 
the  material  as  a  structural  element 
was  discovered  in  Europe. 

THE  RESULT  IS  that  American 
Army  Engineers  in  France  to-day  are 
learning  something  about  expanded 
metal  that  will  be  of  value  to  us  all 
when  they  return. 

It  is  of  interest  to  note  that  within 
the  past  few  months  the  "old  guard" 
of  American  Expanded  Metal  Manu- 
facturers have  come  forward  and  sur- 
prised the  world  with  their  ability  to 
manufacture  heavier  mesh,  larger  and 
more  perfect  sheets  than  has  ever  been 
attempted  in  any  foreign  country. 

The  highest  quality  ExpandedMetal 
in  the  world  is  "made  in  America." 

The  Consolidated  Expanded  Metal  Cos. 

2200  Arch  Street 
Philadelphia,  Penna. 


Roller  Bearings 

engine  power  that  is  now  held  in 
check  by  unnecessary  friction.  They  reduce  fric- 
tion of  boe  and1  coanter-ah&fting  at  laaat  25%. 

They  literally  put  "pep"  into  power  transmission 
— speed  things  up— boost  production. 

Then  "  Sells  *'  Roller  Bearings  decrease  the  coat 
of  lubrication,  and— important,  too— the  hard  steel 
sleeve  between  the  shaft  and  the  roller*  prevents 
shafting  being  grooved.  , 

Installation  is  quick  and  easy — the  bearing  is 
' '  split "  throughout. 

"Sells"  Roller  Bearings  should  be  working  in 
your  plant  as  they  arc  in  hundreds  of  others 
throughout  the  country. 

Drop  me  a  line  for  prices  and  inner  facts — now. 
Yours  for  boosted  production. 


Manager 

ROYERSFORD  POUNDRY&  MACHINE  CO 
49  North  Fifth  St..  Philadelphia,  Pa. 
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TRAINING    CHILDREN     IN  SAFETY 


either  in  some  direct  war  work  for  the  Government  or 
employed  in  the  various  enterprises  and  industries  nec- 
essary for  the  conduct  of  the  war.  It  is  the  centre  of 
engineering  activity  in  Philadelphia,  and  its  entire  mem- 
bership, resources,  and  facilities  are  pledged  to  the  suc- 
cessful prosecution  of  the  war  and  after  that  to  the  suc- 
cessful prosecution  of  the  industrial  campaign  upon 
which  our  city  is  destined  to  enter. 

The  engineering  profession  as  it  stands  today  is  a 
striking  example  of  progress,  and  its  history  is  ample 
warrant  that  it  is  prepared  to  perform  its  part  in  the 
progress  of  the  future.  Well  within  the  memory  of  pres- 
ent-day engineers  is  the  engineer  of  a  former  generation, 
an  outgrowth  from  the  physicists  and  philosophers  of 
old,  narrowly  educated,  purely  technical,  strictly  apply- 
ing the  laws  of  nature  to  the  use  and  benefit  of  mankind. 
To-day  the  modem  engineer  is  a  man  of  broad  and  lib- 
eral education,  versed  in  history  and  the  liberal  arts, 
trained  in  political  economy  and  psychology,  experienced 
in  commerce  and  finance,  and  as  such  is  prepared  to  take 
his  place  among  men  of  affairs,  capable  of  directing  the 
affairs  of  city,  state,  and  nation.  The  purely  technical 
side  of  engineering,  investigation,  research,  invention, 
and  construction  is  still  essential  and  necessary  to  prog- 
ress; but  the  same  mind  must  be  capable  of  carrying 
through  the  conceived  project  to  the  accomplished  reality. 
So  then  the  engineer  serves  his  apprenticeship  in  the 
purely  technical  side  of  his  work  while  he  learns  in  the 
school  of  practical  business  and  finance  the  lessons  which 
enable  him  to  assume  the  position  of  technical  adviser 
to  capital.  Through  him  capital  can  learn  the  proper 
avenues  for  investment  in  the  development  of  our  nat- 
ural resources  and  can  predict  with  certainty  the  returns 
sure  of  attainment  under  proper  (and  usually  this  means 
engineering)  supervision  and  direction.  Through  and 
with  the  assistance  of  capital  the  engineer  can  apply  the 
laws  and  resources  of  nature  to  the  use  and  benefit  of 
man.  Each,  without  the  other,  is  incomplete,  an  unco- 
ordinated force ;  together,  they  make  for  progress  in  art, 
science,  and  civilization,  for  all  that  is  worth  while  in 
our  modern  civilization  as  it  is  and  as  it  will  be. 

Engineering  has  been  a  great  but  unappreciated  force 
in  the  progress  of  the  world;  upon  its  work  has  been 
built  the  civilization  of  to-day,  and  in  its  hands  lies  the 
best  promise  of  the  future.  Give  to  the  engineer  the 
essential  tool  of  capital,  place  in  his  hands  the  direction 
of  his  own  inventions,  and  the  world  will  see  a  progress 
it.  the  future  compared  with  which  the  achievements  of 
the  past  will  seem  small  and  unimportant. 

What  the  engineering  profession  is  prepared  to  do 
for  the  world  as  a  whole  the  engineer  of  Philadelphia  is 
prepared  to  do  for  his  own  city,  asking  only  that  he  be 
given  the  whole-hearted  cooperation  of  the  financial, 
industrial,  and  commercial  interests.  He  can  and  will 
demonstrate  that  Engineering  is  a  Force  in  Philadel- 
phia's Progress. 


TRAINING  CHILDREN  IN  SAFETY 

By  LAURA  U.  ROADEFER 
Director  of  Safety  Eduction,  PniUdelpbia  Rapid  Trmn.it  Co. 

 *  

TO  those  who  are  lovers  of  little  children,  it  seems 
unnecessary  to  argue  the  need  for  their  "safety" 
education  for  any  other  reason  than  the  humani- 
tarian one ;  but  military  and  industrial  leaders  have,  par- 
ticularly during  the  last  two  years,  voiced  their  opinions 
of  the  necessity  for  safety  education  for  the  children  of 
America,  from  the  "economic"  view,  with  a  seriousness 
that  is  shared  by  everyone  who  has  the  welfare  of  the 
nation  at  heart.  Men  and  women  all  over  the  country 
are  giving  themselves  to  the  work  among  the  children, 
realizing  that  they  are  the  coming  nation,  for  the  good  of 
which  America  is  at  war. 

President  Wilson,  in  his  letter  to  the  "Children's 
Bureau,"  in  which  he  expressed  his  approval  of  the  plan 
to  dedicate  this  year,  the  second  year  of  America's  entry 
into  the  war,  to  the  children:  "Next  to  our  duty  to  the 
soldiers  at  the  front,  there  is  no  greater  duty,  it  seems  to 
me,  than  that  to  the  children  of  America  who  constitute 
one-third  of  the  population."  And  it  is  a  patriotic  duty  to 
centre  the  attention  on  the  strength  and  safety  of  young 
lives  in  order  that  America  may  have  a  strong  and  hearty 
generation  to  spring  into  the  ranks  of  the  men  who  have 
fallen. 

Every  child  reaches  the  age  when  his  well-being  lies 
in  his  own  hands,  and  he  must  be  taught  the  importance 
of  regarding  his  own  safety  as  the  property  of  the  coun- 
try which  he  loves,  the  true  meaning  "Safety-first  slogan," 
and  the  actual  disloyalty  of  endangering  his  life  needlessly. 

Military  leaders  claim  that  much  of  the  work  in  the 
training  camps  could  have  been  greatly  simplified  had 
our  men  been  trained  along  the  scorned  "safety-first"  lines 
in  earlier  years. 

Industrial  leaders  have  proved  how  amazingly  suc- 
cessful are  the  results  from  safety  education,  in  both 
economic  and  social  ways,  among  the  men  and  women  in 
their  plants,  and  realize  that  more  beneficial  results  can 
be  expected  if  the  future  workers  are  trained  to  safe- 
guard themselves  before  they  are  ready  to  enter  the  mills 
and  factories.  Even  now,  in  these  war-time  days,  we  are 
bracing  ourselves  against  the  time  when  so  many  of  the 
children  about  us  will  be  facing  the  hazardous  inventions 
in  modern  industry. 

It  is,  however,  a  rather  difficult  matter  to  instil  tins 
"Safety-first"  idea  in  an  attractive  form  into  the  reckless 
souls  of  Young  America.  From  all  appearances,  the  one 
high  aim  of  these  active  boys  and  girls  is  to  see  how 
many  bones  can  be  broken  in  the  short  course  of  one 
dauntless  life.  The  boy  who  hesitates  to  assail  the  top- 
most twig  cf  the  highest  apple  tree  is  a  'fraid-cat,  effemin- 
ate, and  his  life  becomes  ashes.  He  is  an  outcast  from 
the  ranks  of  his  fellows.  No  self-respecting  little  Ameri- 
can girl,  who  wishes  to  hold  her  prestige  in  her  small 
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BUILT  FOR 

Convenience  as  well  as  for 
Service  and  Durability 

Where  special  refinements  of  construction 
and  appearance  as  well  as  serviceability  are 
of  importance,  this  NELSON  Navy  Type 
Steel  Globe  Valve  should  be  specified. 

Note  the  navy  yoke  with  finished  steel  columns 
and  handwheel  and  the  swing-bolted  stuffing  box. 

Stem  is  rolled  monel  with  special  acme  threads 
for  maximum  strength,  long  wear,  and  ease  of  oper- 
ation. 

The  regrinding  and  renewable  monel  disc  has 
leader  to  clean  seats  and  prevent  wire  drawing. 

Monel  seat  ring  is  screwed  in  heavy  steel  bridge, 
with  disc  guide  strongly  braced  by  spider  arms. 

Bonnet  flanges  are  finished  on  edges  and  have 
male  and  female  faces  to  insure  perfect  alignment. 

Through  bolts  arc  used  on  all  parts  of  valve. 

Construction  throughout  is  extra  heavy.  Full 
area  in  ports  and  passages. 

Valve  can  be  packed  when  open. 

Write  for  names  of  nationally  known  organiza- 
tions using  NELSON  Valves. 

NELSON  VALVE  COMPANY 
7634-40  Queen  St.,  Chestnut  Hill,  Philadelphia 


NELSON 

STEEL  VALVES 
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An  Ohio 
Manufacturer 
Says: — 

"I  would  have  no  other  make." 

ONE  reason  is,  his  Yarway  Seatlcss 
Blow-Off  Valves  have  been  in  ser- 
vice three  years  without  leaking  and 
without  being  repacked.  Read  his 
report. 

Other  equally  favorable  comments 
have  been  received  from  Ohio,  where 
many  Yarway  Blow-Off  Valves  are  in 
use  by  such  industries  as 

lUiMif  Pipe       Co  149  VtlTti 

Standard  OU  Co.  106 

National  Caek  Register  Co  24 

Cleveland  Dectrie  llle.ieirior  Co.  .  .  178 

Corrifoa  McKineej  Co.  54 

Firertoee  Tin  «ad  Hooker  Co   25 

WiUji-OrrrUW  Co.   IS 

Procter  ft  Gaeikle  Co  197 

Toledo  Ry.  *  Lifto  Co  24 

Caraefie  Steel  Co.   24 

There  are  no  seats  or  discs  in  the  Yarway. 
The  port  is  large  and  unrestricted.  Packing 
is  so  protected  that  it  will  last  two  or  more 
years  without  renewing.  And  the  Yarway  is 
safe  and  certain  in  operation. 

Try  one  for  60  days  subject  to  return. 

State  size  of  line  and 
whether  screw  or  flange, 
angle  or  straightway. 

Yarnall- Waring 
Company 

7634-40  Queen  Street 
Chestnut  Hill.  Philadelphia 


OPERATION 

In  clnkinr  valve,  ahoulder  "S" 
oe  pleeper  "V  '  easaae*  the 
looee  follower  gland  "r"  con 
preeunic  perkitlK  "P"  above 
and  IkI.iw  Ihr  |nirt,  making  an 
abtoltilcly  tlglil  vatve. 


[.earn  the  good  points  of 
other    YarWao  products 
YARWAY  V-Notek  Motor,  witk  Loo  Recorder 
YARWAY   formerly  the  Simelei    Pipe-Joint  Clamp 
YARWAY  Automatic  Boiler  Slrinuner 
YARWAY  Hydraulic  Valve  Cooker  PeteoUl 
YARWAY  Adjtnatnhle  Spear  Hood  tC.  C.  Thoeese  Pateota  > 
YARWAY  Slertmn  end  Premiere  Unloeder  Richard •  Pateole 


SEATLESS  (simplex; 

BLOW-OFF  VALVE 
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TRAINING     CHILDREN     IN  SAFETY 


social  circles,  could  endure  to  fall  behind  her  masculine 
acquaintances  in  daring  feats. 

The  natural  courage  of  these  little  Americans  is  also 
the  natural  source  of  recklessness,  and  to  show  them  that 
recklessness  is  not  bravery  is  the  first  step  to  take  in  in- 
stilling in  them  some  regard  for  their  own  safety.  Hero 
worship,  the  quick  pride  and  enthusiasm  which  they  feel, 
when  the  story  of  some  sublime  piece  of  recklessness  of 
the  American  soldier  in  battle,  fills  them  with  scorn  at 
the  idea  of  self-preservation,  and  they  do  not  realize  that 
the  brave  man,  the  leader  in  battle,  guards  himself  care- 
fully for  the  sake  of  the  other  men  under  him  or  beside 
him,  until  the  moment  comes  when  he  must  obey  the 
law  of  higher  discretion. 

The  subject  of  Safety-first  is,  then,  fundamentally 
unattractive  to  the  boy  or  girl  whose  natural  impulses  are 
to  steal  a  ride  on  the  back  of  the  ever-popular  ice-wagon, 
and  whose  earliest  hero  is  the  tight-rope  walker,  or  the 
"human  fly."  Thus,  the  psychology  of  the  child's  mind 
has  to  be  carefully  considered  in  order  to  present  the  idea 
in  an  acceptable  light. 

According  to  "Natural  Education"  methods  (Mrs. 
Winifred  Sackville  Stoncr),  it  is  argued  that  just  as  the 
disagreeable  dose  in  the  doctor's  prescription  can  be  pleas- 
antly taken  and  digested  when  submerged  in  something 
we  really  like,  so  the  dry,  uninteresting  subjects  in  the 
school  curriculum  can  be  unconsciously  taken  and 
mentally  digested  when  appropriately  combined  with 
something  which  is  especially  interesting  to  the  normal 
mind. 

"How  to  interest  your  employees  in  Safety  First" 
has  been  the  topic  for  discussion  in  hundreds  of  Safety 
Council  meetings;  and  it  is  usually  concluded  that  one 
of  the  most  successful  ways  is  by  illustrating  with  pic- 
tures, the  dire  results  of  unmindfulncss  of  "Safety." 

For  example,  a  picture  of  a  workman  throwing  a 
lighted  match  into  a  barrel  of  ignitable  explosive  fol- 
lowed by  a  picture  of  the  same  individual  mounting  the 
heights  to  a  premature  heaven,  etc.,  have  produced  the 
desired  psychological  effect  on  the  minds  of  adult 
employees. 

But  adult  psychology  and  child  psychology  arc  as 
different  in  their  application  as  in  their  theory,  and  such 
pictures  as  these  shown  to  children,  particularly  to  the 
supersensitive,  would  excite  "fear"  rather  than  "cau- 
tion," which  is  an  effect  decidedly  to  be  avoided.  It  is 
true  that  pictures  impressed  on  the  mind  of  child  or 
adult,  cither  by  words  or  by  the  brush,  leave  deeper  im- 
pressions than  any  long,  reasonable  argument.  But  care 
must  be  taken  that  these  pictures  do  not  suggest  any- 
thing gruesome  or  repulsive  to  the  children ;  however, 
according  to  the  "law  of  contrast,"  the  child  can  and 
should  be  made  to  realize  the  contrast  hetween  the  "strong 
and  the  crippled,"  the  "well  and  the  sick,"  hut  this  can 
be  accomplished  without  crowding  the  subject  with  un- 
happy thoughts. 

Every  normal  child  loves  a  story;  from  the  "Little 


Pig  Went  to  Market"  stage,  up  through  the  "fairy"  tale, 
and  into  the  tales  of  "adventure''  and  "heroism,"  there  arc 
unlimited  possibilities  for  the  story-teller  to  paint  her  pic- 
tures with  the  "Safety"  objective  for  her  high  lights. 

Once  the  imagination  of  a  child  is  colored  with  a  new 
view  of  the  "Safety"  idea,  it  is  not  hard  to  incite  him 
with  an  interest  in  putting  his  new  ideas  into  practice. 
To  do  this,  it  is  essential  that  he  be  brought  to  a  thorough 
realization  of  his  individual  responsibility  and  to  see  the- 
importance  of  his  own  safety  from  a  patriotic  standpoint. 
When  this  can  be  done,  real  progress  has  been  made. 

In  Philadelphia,  we  have  organized  "Safety  patrols" 
among  the  school  children.  Members  have  been  made  to 
feel  that  they  are  responsible,  not  only  for  their  own: 
safety,  but  also  for  the  safety  of  the  younger  children, 
and  individual  responsibility  is  doubly  strengthened  when 
a  child  realizes  that  he  is  and  always  must  be,  in  some 
sense,  "his  brother's  keeper." 

Letters  from  school  principles  express  their  appre- 
ciation of  the  merited  work  accomplished  by  the  patrols 
in  reducing  the  number  of  preventable  accidents  among 
school  children.  Indeed,  so  far  from  reducing  a  child's 
natural  bravery,  this  new  responsibility  leads  to  a  thought- 
fulness  which  is  the  foundation  of  great  courage. 

Last  year,  a  "Junior  Safety  Council"  was  organized, 
consisting  chiefly  of  the  Safety  Patrol  Members,  to  whom 
the  Philadelphia  Chamber  of  Commerce  extended  the 
privilege  of  meeting  monthly  in  their  Assembly  Room 
Officers  were  elected  and  committees  formed  to  investi- 
gate all  dangerous  localities  in  the  school  neighborhoods, 
and  the  Department  of  Public  Safety  offered  to  cooperate- 
with  the  Council  by  erecting  danger  signs  in  those  locali- 
ties which  were  reported  as  unsafe  by  the  investigators. 

At  these  meetings  of  the  Council,  reports  are  read  by 
the  Captains  of  the  Patrol  Squads,  and  talks  are  given 
by  different  well-known  s[>cakers.  Among  the  speakers 
scheduled  for  1917-1918  were:  Judge  Brown  of  the 
Juvenile  Court,  Captain  Merrill  of  Camp  Meade,  Private 
Jones  of  General  Pershing's  "Veteran"  forces,  and  Mr. 
F.  W.  Johnson,  one  of  the  pioneer  safety-first  promoters 
in  this  country. 

During  the  summer  "Safety-First  Leagues"  were  or- 
ganized in  the  playgrounds,  the  children  signing  the 
pledges  which  read:  "I  hereby  pledge  myself  as  a  mem- 
ber of  the  Safety-First  League,  to  aid  my  Country  and  mv 
City  during  this  'Children's  Year,'  1918,  in  the  endeavor 
to  prevent  accidents.  First :  By  learning  about  and  prac- 
ticing Safety  First.  Second :  By  encouraging  others  to 
do  likewise."  The  children  signing  were  awarded  little 
red,  white  and  blue  buttons  by  the  Philadelphia  Rapid 
Transit  Company  for  "reminders,"  on  which  was  printed: 
"The  Safety-First  League." 

The  first  step  has  been  made.  Gradually  the  results 
have  been  developing.  American  children  are  beginning 
to  realize  that  they  are  the  servants  of  the  nation,  and 
that  foolhardincss  is  merely  a  tinselled  counterfeit  of 
bravery. 
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PREPARE 

TO 

SERVE  YOUR  COUNTRY 

IN  THE 

AIRCRAFT  INDUSTRY 

THE 

Y.  M.  C  A.  SCHOOL 

OF 

AIRPLANE 
CONSTRUCTION 

TRAINS  MECHANICS  FOR 
FACTORY  OR  FIELD 


FOR  PARTICULARS,  APPLY 
AT 

SCHOOL,  717  NORTH  BROAD  ST. 


STEEL 


STRIP— COLD  ROLLED— SHEETS 

COLD  DRAWN  BARS-" VANADIUM" 
"GREAT  BEAR"— Pat.  High  Speed  Steel 

HOG  AN  <&  SON 

"Headquarters  for  Steel" 

OFFICE  AND  WAREHOUSE  > 

237  North  Sixth  Street,  Philadelphia,  Pa. 
Market  409  — PHONES —  Main  4326 


D.  J.  NORMOYLE 

Representing 

Alert  Tool  Company 

Machinists  Tools  Ordnance  Work 


Chesapeake  Iron  Works 

Electric  Traveling  Cranes 


337  North  Sixth  Street 
Philadelphia,  Pa. 


Safety  First  and  Always 


in;  mum 


Safety  Glasses  for  Every 
Industrial  Purpose 

Care  should  be  exercised  in  select- 
ing the  proper  Eye  Protector  for 
each  particular  kind  of  work. 
Safety  Glasses  increase  the  efficiency, 
safety  and  welfare  of  the  workmen. 

LET  US  HELP  YOU — 
Write  for  information  and  prices  on  our  line. 

McINTIRE,  MAGEE  &  BROWN  CO. 

723  Sansom  Street,  Philadelphia,  Pa. 


THE  De  FRAIN 
SAND  COMPANY 

Building 
Materials 

BEACH  AND  BERKS  STS.,  PHILADELPHIA 

WHARVES: 
BERKS  STREET,  DELAWARE  RIVER 

CHRISTIAN  STREET,  SCHUYLKILL  RIVER 

PRODUCERS  OF  STONE,  GRAVEL  AND  SAND 
FOR  CONCRETE  CONSTRUCTION 

DELIVERIES  BY  TEAM,  RAIL  AND  BARGE 
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GASES  USED  BY  THE  HUNS 


By  GEORGE  R.  HENDERSON. 

I  Admini.tt.tio 


M 


WTH  the  approach  of  the  winter  season  uid  its 
attendant  serious  fuel  situation,  we  feel  that  it  is 
desirable  that  every  one  should  be  acquainted 
with  the  task  of  the  Fuel  Administration  and  what  it  is 
trying  to  do. 

The  Bureau  of  Conservation  is  endeavoring  to  save, 
by  increased  efficiency  in  operations,  about  10  per  cent, 
of  the  total  industrial  fuel  consumption  for  1917,  and  this 
is  to  be  done  without  interference  with  the  industrial  pro- 
duction as  it  exists  at  present,  and  with  increased  output 
from  manufacturers  of  war  supplies. 

The  Fuel  Administration  lias  been  depending  upon 
the  intelligent  cooperation  of  manufacturers,  without  re- 
sorting to  the  arbitrary  curtailment  of  coal  supplies.  If 
this  method  is  to  be  continued,  it  is  evident  that  every 
corporation  burning  coal  must  take  immediate  and  ener- 
getic steps  to  reduce  its  consumption  to  the  absolute 
minimum. 

The  returns  from  the  questionnaire  which  has  been 
sent  over  the  State,  correspondence,  and  meetings  with 
various  industries  throughout  the  State  of  Pennsylvania 
indicate  a  splendid  spirit  of  cooperation,  and  from  reports 
that  are  at  hand  it  is  known  that  with  the  comparatively 
few  plants  we  have  actually  so  far  investigated  there  will 
be  a  great  saving  over  last  winter.  The  worst  offenders, 
as  a  rule,  are  the  small  plants,  where  coal  has  been  to  them 
an  unimportant  factor  and  the  output  of  their  manufac- 
turing establishment  of  prime  importance. 

It  must  be  borne  in  mind,  however,  that  manufacturing 
would  be  impossible  without  coal,  and  it  is  of  great  im- 
portance that  every  one,  therefore,  take  upon  himself  to 
see  that  care  and  attention  given  to  the  matter  of  fuel 
conservation  which  it  rightly  deserves,  as  otherwise  there 
may  be  an  insufficient  amount  of  coal  for  the  use  of  the 
industries,  and  many  may  have  to  curtail,  if  not  abandon, 
their  operations,  owing  to  the  expected  deficiency  for  the 
coming  winter. 

The  Fuel  Administration  is  endeavoring  to  assist 
every  one,  both  by  means  of  bulletins,  letters,  and  con- 
ferences ;  but  as  it  is  impossible  to  reach  every  one  in  the 
State  by  means  of  the  questionnaire  and  by  letters,  it  is 
urged  upon  all  that  immediate  cognizance  of  this  matter 
be  taken  up  without  waiting  for  the  official  questionnaire 
and  rating,  upon  which  the  coal  allotment  may  be  based. 


AJOR  S.  J.  M.  AULD,  in  the  Journal  of  the 
Washington  Academy  of  Sciences,  gives  the  fol- 
lowing list  of  gases  used  by  the  Germans: 


1.  Allyl  isothiocyanate  (allyl  mustard  oil), 
C.H.NCS  (shell). 

2.  Benzyl  bromide.  C,H6CH,Br  (shell). 

3.  Bromaccton,  CH.Br.CO.CH,  (hand  grenades). 

4.  Bromated  methyl  ethyl  ketone  (bromketone), 
CH.Br.CO.C.H,  or  CH.CO.CHBr.CH,  (shell).  Di- 
bromketone,  CH,CO.CHRr.CH,Br  (shell). 

5.  Bromine,  Br,  (hand  grenades). 

6.  Chloracetone,  CH,Cl.CO.CH,  (hand  grenades). 

7.  Chlorine,  CI,  (cloud). 

8.  Chlormcthyl  chloroformate  (palite),  C1COO 
CH.Cl  (shell). 

9.  Nitrotrichlormethane  (chloropicrin  or  nitrochlo- 
roform),  CCI,NO,  (shell). 

10.  Chlorosulphonic  acid,  SO,H.Cl  (hand  grenades 
and  "  smoke  pots  ")• 

11.  Dichlordiethylsulphide  (mustard  gas),  (CH.CI 
CH,),S  (shell). 

12.  Dimethyl  sulphate,  (CH,),SDt  (hand  grenades). 

13.  Diphenylchlorarsine,  (C,H5)aAsCI  (shell). 

14.  Dichlormcthyl  ether,  (CH3CI),  (shell.) 

15.  Methylchlorosulphonatc.  CH5CISOa  (hand  gre- 
nades). 

16.  Phenylcarbylamine  chloride,  C.HjNCCl,  (shell). 

17.  Phosgene  (carbonyl  chloride),  COCI,  (cloud  and 
shell). 

18.  Sulphur  trioxide,  SO,  (hand  grenades  and  shell). 

19.  Trichlormethylchloroformate  (diphosgene,  su- 
perpalite),  C1COCC1,  (shell). 

20.  Xylyl  bromide  (tolyl  bromide).  CH.C.l I.CI^Br 
(shell). 
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{  THE  PHOENIX 
IRON  COMPANY 

STRUCTURAL 
STEEL  SHAPES 

Manufacturers  of 
Open  Hearth  Steel 


Work*: 

PHOENIXVILLE.  PA. 

Main  Office: 
PHILADELPHIA,  PA. 

THE 

PHOENIX  BRIDGE 
COMPANY 

BUILDINGS,  BRIDGES 
and  other  STRUCTURES 
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PHOENIXVILLE,  PA. 
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SERVICE  LETTER  BOX. 

Pakis,  October,  1918. 

The  Committee  on  Publication : — 

Your  letter  of  August  30  is  received,  and  1  will  try 
to  comply  with  your  request,  assuming  that  you  are  espe- 
cially interested  in  things  and  incidents  that  concern  the 
■engineering  side,  of  the  war. 

Between  the  starting  points  and  the  objectives  of  the 
first  two  days  (September  12  and  13)  of  the  American 
■offensive  in  the  St.  Mihiel  sector  there  was  a  belt  of  ter- 
ritory averaging  seventeen  kilometers  in  width.  In  the 
middle  of  the  belt  was  what  has  been  No  Man's  Land 
for  nearly  four  years.  There  were  no  roads.  There  had 
been  roads,  but  rifle  trenches  had  been  dug  across  them  : 
tank  trenches  had  been  cut  to  a  depth  of  above  two 
meters  and  a  width  of  perhaps  five  meters.  What  was 
}eft  of  the  roads  after  four  years  of  neglect  and  trench- 
ing was  shelled  to  pieces  by  both  sides  before  the 
advance  began. 

Nevertheless,  it  was  over  these  destroyed  roadways 
that  the  Americans  must  advance  their  supplies  and 
guns.  Wc  were  on  the  move  Saturday,  the  offensive 
having  begun  at  1  o'clock  Thursday  morning.  For  ten 
•miles  there  were  uninterrupted  streams  of  trucks,  guns 
and  gun  carriages,  travelling  northward  toward  new 
•divisional  points  and  positions.  There  was  little  traffic 
toward  the  rear,  only  enough  to  complicate  and  delay 
the  heavy  movement  forward. 

It  was  up  to  the  engineers  to  make  the  roads  pass- 
able, in  the  first  place,  and  keep  them  so.  Shell  boles 
-were  roughly  filled  with  broken  stone  and  covered  w  ith 
•earth :  it  had  rained  for  a  week,  and  if  a  camion  slipped 
off  the  road  only  a  foot  it  sank  hub-deep  in  mud  and 
had  to  be  pulled  out.  So  the  engineers  went  to  work 
in  scores  of  places  widening  the  roads  by  the  addition  of 
two  or  three  feet  of  stone  from  walls,  demolished 
buildings,  or  wherever  it  could  be  found.  Trenches 
and  ditches  were  bridged  by  logs.  It  was  rough  work, 
hut  it  got  the  traffic  through  somehow. 

I  left  one  divisional  headquarters  for  another  Satur- 
day morning  at  6  o'clock.  By  9  o'clock  it  was  evident 
that  no  automobile  would  get  through  that  day,  so  I 
.got  out  and  walked  along  the  line  of  trucks,  some  of 
which  had  been  on  their  way  for  twenty  hours.  After 
dodging  in  and  out  and  around  autos  and  guns  and  carts 
for  two  or  three  miles,  a  staff  car  came  along:  but 
instead  of  a  general  or  two,  it  contained  Kay  Carroll, 
correspondent  of  the  Philadelphia  Lahjer,  and  Junius 
Wood,  of  the  Chicago  Xcws.  on  their  way  to  the  ad- 
vanced American  positions.  I  climbed  aboard,  and, 
thanks  to  the  red.  white  and  blue  insignia  on  the  wind- 
shield, we  covered  the  remaining  ten  miles  in  an  hour 
and  a  half. 

Along  the  road  were  the  engineer  corps,  breaking 
stone,  shovelling  dirt,  bridging  holes  and  trenches; 


mud-covered  and  looking  more  like  gangs  of  day- 
laborers  than  engineers. 

The  engineers  over  here  have  done  some  big  work, 
at  ports,  on  railways,  putting  up  huge  shops,  refriger- 
ating plants,  and  what  not.  But  at  the  front  their  job 
is  a  rough  one.  Their  work  isn't  pretty,  but  it  is  indis- 
pensable, and  is  usually  performed  under  conditions 
that  at  home  would  drive  a  construction  man  crazy. 

Something  of  the  spirit  with  which  they  go  at  it 

may  be  judged  from  this:  One  night  in  E  ,  after  the 

Americans  were  well  established  at  points  ten  or  twelve 
kilometers  further  on,  the  Roches  began  shelling  the 
road  and  the  town.  All  traffic  on  the  roads  stopped  at 
once.  I  was  occupying  a  comfortable  hole  under  the 
steiis  of  a  church,  along  with  three  engineers.  As  the 
traffic  halted,  one  of  the  engineers  remarked:  "That's 
good ;  now  w  e  can  get  those  damned  shell  holes  on  the 

way  to  St.  B         filled  up  before  morning."    And  he 

crawled  out  to  give  the  necessary  orders  to  his  squad. 

Daxiel  T.  Pikkce. 
Major.  American  Red  Cross. 


POSITIONS  OPEN 

Wanted  :  Chief  Engineer  to  take  charge  of  Power  Plant.  One 
who  has  had  actual  experience  with  regard  to  obtaining  results 
in  combustion  with  the  aid  of  pyrometers,  draft  gauge*,  and  gas- 
testing  apparatus.    Apply  Engineers'  Club,  No.  251-A. 

Wanted :  Road  Engineer,  in  Constructing  Quartermaster's 
Department,  U.S.A.    Apply  Engineers'  Club,  No.  252- A. 

Ten  young  engineering  graduates  who  desire  to  serve  in- 
directly, are  needed  as  instructors  by  the  Aero  Engines  Division. 
U.  S.  School  of  Military  Aeronautics.  Austin,  Texas.  Teaching 
and  gas  engine  experience  are  not  required,  but  applicant  must  be 
energetic,  adaptable  and  of  unquestioned  loyalty.  Position  car- 
ries deferred  classification,  Apply  directly  to  Head  of  Division, 
furnishing  data  as  to  age,  citizenship,  education  and  experience. 

Commissions  open  to  experts  in  the  following  lines:  Mechan- 
ical engineers  with  experience  in  safety  engineering;  ventilating 
engineers  acquainted  with  the  problems  involved  in  the  elimina- 
tion of  fumes  and  gases  and  the  removal  of  trade  dusts ;  chemists 
experienced  in  acid  manufacturing  plants  or  in  power  production; 
sanitarians  who  have  had  training  or  experience  with  industrial 
diseases  and  accidents.  Apply  Bureau  of  Public  Health  Service, 
Department  of  Industrial  Medicine  and  Hygiene,  Ouray  Bldg., 
Eighth  and  C.  Sts..  Washington,  D.  C. 

Engineers  and  designers  wanted,  High-grade  men  for  per- 
manent work.    Apply  Engineers'  Club,  No.  2S-I-A. 

Wanted:  Mechanical  and  safety  engineer;  two  or  three 
years'  shop  training;  must  have  tact  and  be  able  to  meet 
State  officials  and  executive*:  $1800  to  $2500  Apply  Engi- 
neers' Club.  No.  255  A. 

POSITION  WANTED 

Mechanical  and  Civil  Engineer,  technical  graduate;  prefers 
position  as  superintendent  of  power  or  maintenance  in  Philadel- 
phia    Write  to  No.  22J,  Engineers'  Club. 
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The  Government  now  requests, 

and  from  necessity  probably  soon  will  de- 
mand, that  you  conserve  tin. 

If  you  are  a  purchaser  of  pig  tin,  or  of  tin  containing 
alloys  of  any  description,  write  us  and  we  will  gladly 
place  at  your  disposal  our  experience  of  thirty-eight 
years,  and  advise  you  if,  in  your  case,  less  tin  can 
be  used. 

In  making  our  recommendations,  we  shall  naturally 
bear  in  mind  that  it  is  necessary  at  least  to  maintain 
your  service  efficiency.  It  may  even  be  possible  to 
make  a  recommendation  to  you  which  will  not  only 
conserve  tin  but  increase  the  efficiency  of  .your  alloy, 
and  save  you  money  besides.  We  have  found  it 
possible  to  do  this  in  many  instances. 

THE  AJAX  METAL  CO. 

ESTABLISHED  1880 

Main  Office  and  Work*  Southern  Plant 

Philadelphia,  Pa.  Birmingham,  Ala. 
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VULCANITE 
PORTLAND 
CEMENT 


§hiv<i 


THE  BRAND  WITH 
A  REPUTATION 


Land  Title  Building 
Philadelphia 


am 


Here  is  a  machine — You  see  it  at  a  glance.  It  would 
take  page*  of  type  to  convey  an  adequate  idea  of  it. 

The  pictured  fact  is  telegraphed  to  the  brain,  a 
conception  of  the  written  word  is  slowly  evolved  through 
reason. 

Have  you  an  object  to  show?    Picture  it 

A  conception  of  ratios ?    "Graph"  it    A  working 

plan  to  visualize?    Illustrate  it. 

Consult  us  as  to  "how."    Write  and  have  your  name 

put  on  our  mailing  list  for  occasional  literature. 


H-  A.  CAT)  IIEI-. 


C  A-  STINSOM.  VMM 


GATCHEL  &  MANNING 

PHOTO-ENGRA  VERS 

Sulk  uxJ  CWanuI  So*** 

PHILADELPHIA 
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J.  C.  HAYDOCK 


E  J.  ROOK5BY 

E.  J.  Rooksby  &  Co. 

ENGINEERS  AND  MACHINISTS 

436  N.  1  llh  Sir  ..t .  P  b.Ud  e  Iptu.  Pa, 

Specialists  in  Engine  Repairs 


r 


SIm>»Io«  Too  at  our  PorUbl<  Boriu  Bin  Rcborio«  tbe  Crliod«r  »»d  V«Jrt 
S«Atj  of  •  CorliM  Eogioc  it  baom  time. 

Real  Service,  Reliable.  Efficient  and  Economical,  has  caused 
our  many  patrons  to  think  "ROOKSBY"  when  they  need 
"Engine  Repairs."  Call  on  ui  when  yon  need  our  class  of 
service,  either  emergency  or  routine,  and  you  will  also  thbk 
"Rooksby."    We  await  your  call. 
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LEWIS  H.  KENNEY,  C 


REGULAR  MEETING 
at  Witherspoon  Hall 
Tuesday,  November  19,  1918,  8.15  P.  M. 
MR.  GEORGE  W.  BRADEN, 

former  Y.  M.  C.  A.  Director  of  Athletics  and  Recreation  for  the  Italian  Army, 
will  present  a  paper,  illustrated  with  lantern  slides,  entitled 
"OVERSEAS   EXPERIENCES  IN  ITALY" 
Members  of  the  Club  and  of  affiliated  societies  are  privileged  to  invite 
ladies  to  the  meeting. 

Mr.  Braden  will  outline  the  place  Italy  has  had  in  the  war;  her  man-power  and 
industrial  mobilization;  the  need*  of  recreation  for  her  army;  athletics  in  Allied  armies; 
cooperation  of  General  Zuippelli,  Minister  of  War,  General  Zaconi,  the  Chief  of  Staff, 
and  General  dclle  Valle,  Director-General  of  Hospitals  in  Italy;  cooperation  of  the 
Italian  Red  Cross;  introduction  of  the  American  system  of  athletics  and  recreational 
sports;  introduction  of  recreational  sports  in  the  Eighth  Army  (formerly  the  Second), 
which  suffered  the  great  collapse  in  the  Fall  of  1917  then  in  process  of  reorganization, 
with  a  view  to  raising  its  morale;  the  part  prominent  Italian  women  are  taking  in 
nd  war  work ;  and  the  Italian  Boy  Scouts. 


TUESDAY  NOON  LUNCHEONS 
The  following  schedule  of  speakers  has  been  arranged: 
November  5   Major-General  L.  W.  T.  Waller,  U.  S.  M.  C.:— "The  United  States  Marine  Corps." 
November  12    Mr.  Philip  Francis  Nowlan,  of  the  Public  Ledger  staff: — "Sales  Engineering." 
November  19    Mr.  George  S.  Webster,  Director,  Dept.  Wharves.  Docks  and  Ferries :— "The  Port  of  Philadelphia." 
November  26    Mr,  Charles  N.  Right,  accompanied  by  the  Superintendent  of  the  Aerial  Mail  Service.  Washington, 
D  C. :— "Aeronautics  and  the  Aeroplane  Service  now  in  effect  between  Washington  and  New  York." 
December   3    Dr.  Lightner  Witmer,  Department  of  Psychology,  Universitv  of  Pennsylvania. 
December  10    Mr.  Thomas  F.  Armstrong:— "Guilty  or  Not  Guilty." 

December  17    Commander  F.  G.  Coburn,  U.  S.  N.,  Manager  Naval  Aircraft  Factory,  Navy  Yard.  Philadelphia: — 


COMMITTEE  ON  MEMBERSHIP 

PAUL  SPENCER,  Chairman 

CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  November  1 1  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
ss;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
s'  Club,  Philadelphia,"  marked  "Confidential." 
AU  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  any  member. 


FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

JAKES  WILSON  PAXTOBT, 

611  Chestnut  Street,  Philadelphia,  Pa. 
Engineer-in-charge,    Day    &    Zimmerman,    Inc.;  Supervising 
r,  on  Philadelphia  Quartermaster  Terminal, 
by  Charles  Penrose  and  W.  H.  Connell. 

GEORGE  HOWARD  JOHHSTOW, 

312  S.  Tenth  Street.  Philadelphia,  Pa. 
Assistant  Manager,  Works  Division,  Chester  Shipbuilding  Corp. 
Proposed  by  Dudley  T.  Corning  and  Edward  T.  Mcndenhall. 
ALVIH  WARD  KlltC, 
108  E.  Moreland  Ave.,  Chestnut  Hill,  Philadelphia,  Pa. 
Sales  Manager,  Nelson  Valve  Company. 
Proposed  by  D.  Robert  Yarnall  and  Jacob  M.  Noll. 


FRED  MYERS  RYDER, 

Care  Keystone  State  Construction  Company,  Broad 

§ts.,  Philadelphia,  Pa. 
Engineer,  Keystone  State  Construction  Company. 
Proposed  by  Wm.  P.  Parker  and  S.  M.  Swaab. 


FOR  ELECTION  TO  IUNIOR 

ALFRED  A.  ADLER, 

2009  N.  Park  Avenue.  Philadelphia.  Pa. 
Testing  Ship  Machinery.  Philadelphia  Navy  Yard, 
by  John  L.  Schultz  and  M.  Alpern. 


6*4  N.  Fifteenth  Street.  Philadelphia,  Pa. 
Student  Engineer,  Bell  Telephone  Company  of 
Proposed  by  J.  D.  Ferry  and  R.  W.  Welsh, 
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SWIND  MACHINERY  COMPANY 

MACHINERY  MERCHANTS 


1110  Widener  Building 


ENGINES 
DERRICKS 


HARDWARE 


1744 

,JJACOBSHANN0N8tCO, 

Market Street 
philadelphia 

.CONTRACTORS^ 
EQUIPMENT , 


Philadelphia,  Pa. 


CONCRETE 
MIXERS 


HENRY  Da  HUFF 


STEEL  PLANT  AND  ROLLING 
MILL  CARS 


DE  HUFF  AND  HOPKINS 


MORRIS  BUILDING 


PHILADELPHIA 


Mechanical  Equipment  and  Supplies 

BUDA  ELECTRIC  STORAGE  BATTERY  Industrial  Trucks 
and  Tractors. 

EASTON  CAR  &  CONSTRUCTION  CO.,  Industrial  Cars 

and  Equipment. 
GEO.  D.  WHITCOMB  CO.,  Electric  and  Gasoline  Locomotives. 
McNEIL  Charging  Barrows,  Steel  Barrows. 
JOYCE  CRIDLAND  LUTING  JACKS. 
COFFIN  VALVE  CO.,  Sluice  Gates  and  Valves. 


CEO.  A.  HOPKINS 


WOODOLEVM  LASTS  A  LIFETIME 

Our  Work  Done  Many  Yean  Ago  Is  Still  Perfect 

The  beat  regulated  and  largest  corporations  in  the  country 
use  and  endorse  "Woodoleum." 

THKKK  IS  BUT  OSB  WOODOLEUM — ACCEPT  AO  IMITATION 


WOODOLEUM 
FLOORING 

For  the  Home,  Store,  Factorj,  Etc.  1  WOODOLEUM  MFG.  CO.  *°3£ZiZ.,?XlXu" 


WINDOW  GLASS 


PLATE  GLASS 


Brandt  American  Window  Glass.  Ornamental 
and  Sky Light  Gltn    Wiit  Glau— French 

Plate  Mirrors— Glaalers*  Diamonds 
Greenhouse  Glass,  Glass  for  Conservatories 

BENJAMIN  H.  SHOEMAKER 

205.  207.  200  and  2tl  N. 
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SECRETARY'S  NOTICES 

A  BUSINESS  MEETING  of  the  Club  will  be  held 
on  Tuesday  evening,  November  19,  1918,  at  8.15 
o'clock,  at  Witherspoon  Hall. 

The  following  were  appointed  by  the  Board  at  its 
Regular  Meeting  on  October  8,  1918,  to  constitute  the 
Committee  on  Nominations  for  the  current  year: 

F.  C.  Dunlap,  Chairman 

W.  P.  Dallett 

H.  W.  DuBois 

H.  P.  Liversidge 

George  B.  Taylor 

William  S.  Twining 

D.  Robert  Yarnall 
In  the  absence  of  a  Regular  Meeting  of  the  Club  in 
October,  due  to  the  recent  ruling  of  the  Bureau  of 
Health,  this  list  is  now  submitted  to  the  membership, 
and  will  be  brought  up  for  alteration  or  acceptance  at 
the  November  19  meeting,  in  accordance  with  Article 
V,  Section  3,  of  the  By-laws. 

ABSTRACT  OF  MINUTES 

of  the  Regular  Meeting  of  the  Board  of  Directors,  held 
October  8,  1918. 
The  meeting  was  called  to  order  at  7.15  P.  M.,  with 
President  Stevens,  Vice-President  Wagner,  Directors 
Spencer,  Swaab,  James,  Quimby,  Past-President  Lcdoux, 
Treasurer  Kenney,  and  Secretary  Stockly  in  attendance. 
Vice-Presidents  Andrews  and  Eglin,  Directors  Connell, 
Gant,  Long,  Laucr,  Murphy,  Lee,  Douglas,  Terrell, 
Newkirk,  Barr,  and  Past-Presidents  Carter  and  Yog'.c- 
son  were  excused. 

REPORT  OF  THE  PRESIDENT 

Mr.  Paul  Spencer  has  been  appointed  a  member  of 
the  Executive  Committee,  vice  Captain  H.  P.  Gant, 
resigned. 

REPORT  OF  THE  SECRETARY 

In  accordance  with  Article  V,  Section  3,  of  the  By- 
laws, the  following  were  appointed  to  constitute  the 
Committee  on  Nominations  for  the  current  year: 


Redemption  Fund,  vice  Dr.  Edgar  Marburg,  deceased. 

Resignations  from  the  following  members  in  good 
standing  were  presented  and  accepted : 


K.  C.  Dunlap, 
W.  P  Dallett 
II.  W.  DuBois 
II.  P.  Liversidge 


George  B.  Taylor 
Wm.  S.  Twining 
D.  Rol>ert  Yarnall 


The  Philadelphia  Section,  Association  of  Iron  and 
Steel  Electrical  Engineers,  have  advised  that  Mr.  I. inn 
O.  Morrow  has  been  appointed  to  represent  their 
Society  on  our  Board  of  Directors. 

In  accordance  with  the  By-laws,  Article  IV,  Section 
7,  Mr.  William  Pool  Parker  was  elected  to  fill  the 
vacancy  in  the  Directors-at-large  caused  by  the  election 
of  the  Philadelphia  Section,  Association  of  Iron  and 
Steel  Electrical  Engineers,  to  affiliation,  Mr.  Parker's 
term  to  expire  July,  1919. 

Dr.  Carl  Hcring  was  elected  a  Trustee  of  the  Bond 


G.  S.  Wheatlcy 
Staunton  B.  Peck 
W.  A.  Manwaring 
John  A.  Kelley,  Jr. 
Joseph  M. . 
Lyle  L.  Je 


B.  B.  Bachmau 
A.  £.  Clarson 
Agncw  T.  Dice 
George  S.  Emerick 
Warren  D.  Fuller 
K.  E.  Hasselgreti 


The  following  deaths  are  announced : 

Mr.  Jame*  M.  Africa,  Active  Member,  died  September 
18,  1918. 

Lieut.  Richard  F.  Day,  Active  Member,  died  September 
25,  1918. 

Mr.  W.  A.  Moncurc,  Active  Member,  died  October  2, 

1918. 

Mr.  G.  M.  Spear,  Active  Member,  died  October  4,  1918. 
Mr.  Henry  S.  Raub,  Active  Member,  died  October  8, 
1918. 

Mr.  W.  E.  Herring.  Active  Member,  died  October  9,  1918. 

A  letter  from  Mr.  F.  K.  Worley  was  presented,  sug- 
gesting that  the  Club  take  measures  to  pay  some  recog- 
nition at  Christnias-tiinc  to  the  men  of  Companies  B 
and  E,  103d  Engineers,  who  have  been  in  France  since 
June. 

After  discussion,  the  matter  was  referred  to  the 
Committee  on  National  Service,  with  the  request  that 
it  be  carried  through  if,  upon  further  consideration, 
they  deem  it  practicable. 

The  matter  of  a  suitable  service  flag  for  the  Club 
was  discussed  and  referred  to  the  Committee  on  Na- 
tional Service,  with  the  request  that  they  give  consid- 
eration to  ways  and  means  of  providing  a  new  service 
flag  and  keeping  same  to  date,  a*  the  number  of  mem- 
bers in  service  varies  from  time  to  time. 

REPORT  OF  THE  TREASURER 

The  Secretary  presented  a  report  on  the  financial 
condition  of  the  Club,  which  was  accepted. 

REPORT  OP  THE  COMMITTEE  ON  MEMBERSHIP 

On  the  recommendation  of  the  Committee,  the  fol- 
lowing were  elected: 
To  Active  Membership: 


George  Elwood  Button 
Andrew  M.  Chesney 


J  Parker  B.  Fiske 
I*aac  Stanley  Walker 


REPORT  OF  THE  COMMITTEE  ON  PAPERS 

The  Committee  presented  a  report,  which  was  ac- 
cepted by  the  Board,  giving  schedule  of  papers  to  be 
presented  at  meetings  of  the  Club  to  and  including 
January,  1919,  and  schedule  of  speakers  for  noon  lunch- 
eons to  and  including  November  19,  1918. 
The  meeting  adjourned  at  9.15  P.  M. 

H.  A.  Stockly, 

Secretary. 
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POWERFUL 


Otto 


Gas  and  Gasoline  Engines 

For  light  loads,  heavy  loads,  steady 
work,  emergencies  —  always  powerful, 
capable  and  enduring. 

That  extra  machine  power  needed  to 
back  up  your  man  power,  is  ready  at  an 
instant's  command  when  you  install 
"Ottos." 

A  hundred  thousand  concerns  have 
proved  to  themselves  that  "Ottos"  are 
a  tremendous  asset  to  their  business. 
Stock  designs  up  to  50  H.  P.  are  ready 
for  early  delivery. 


Otto  Engine  Manufacturing  Co. 

SuccfMon  to  lb*  Otto  Gu  Engin«  Co* 

3217  Walnut  St..  Pktta.  114  Liberty  St..  New  York 

15-17  S.  Clinton  St.,  Chicago 


ill  Jiiiiiiiiiiiiiiin  


BRIDGMAN  BROS.  CO. 


Wrought  Pipe 

Plumbing  Supplies 


121  to  131  So.  31st  St 


Philadelphia 


Manufactory!  and  Jobber*  of 

Iron  and  Brass  Valves,  Fittings,  Etc. 
for  Steam,  Gas,  Water  and  Oil. 


Steam  and  Hot  Water  Boilers- 
Radiators— Pipe  Cut  to  Sketch 
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The  Baldwin  Locomotive  Works 


PHILADELPHIA,  PA. 
uuauunnu 


STEAM  LOCOMOTIVES 

for  all  classes  of  service 

GASOLINE  LOCOMOTIVES 

for  light  industrial,  contractors'  and  switching  service 
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COMMITTEE  ON  NATIONAL  SERVICE 

GUILLIAEM  AERTSEN,  Ciiaikbian 

From  these  honored  dead  vx  lake  incensed  devotion  lo  that  utuse  far  which  they  lave  the  last 
full  measure  of  devotion;  these  dead  shall  not  have  died  in  tain."— Abraham  Lincoln. 


Bases*,  Edward  Williams... Sergeant  Junior  Member  Died  March  17,  J918,  Camp  Meade,  Admiral,  Md. 

Day.  Richard  P  Lieutenant    Active  Member  Died  September  25.  1918,  Clermont,  Prance 

HETBERINGTOM,  S.C  1st  Lieutenant...   Active  Member  Died  September  28,  1918,  Argonne,  France 

Frederick  B  Lieutenant    Active  Member.  .Died  September  6,  1918,  Franco 

k.  Harry  WALTRR...lst  Lieutenant  Junior  Member..  Died  June  11,  1918.  England 

Zbckwbr,  J.  R  Ensign  .Active  Member  Died  October  IS.  1918.  Philadelphia 

ADDITIONS  AND  CORRECTIONS  TO  LIST  OF  MEMBERS  OF  ENGINEERS'  CLUB  IN  SERVICE, 

PUBLISHED  IN  THE  OCTOBER  JOURNAL 

Andrews,  J.  H.  M.  Lieut.  Colonel   Ordnance  Dcpt  Care  of  Raritan  Arsenal,  Metuchen,  N.  J. 

Bergman,  G  Private  Utilities  Company,  Quartermaster's  Corps.   Camp  Dix,  N.J. 

Brewer,  P.  C  Lieutenant  4th  Rcgt.,  Engineers  ...Camp  Humphreys.  Va. 

Brown,  W.  P  1st  Lieutenant.  520th  Engineers   American  Expeditionary  Forces,  via  New  York 

Carson,  W.  C  {o^tte^fe%c^s'cSsu'a?s}  - "  -  -American  Expeditionary  Forces,  via  New  York 

Clravkr,  D.  C  Private  Co.  10,  3rd  Battalion.  153rd  D.  B   .('-amp  Dix.  N.  J. 

Ci.EEt.AKD,  R.. . . .   Ensign   United  States  Navy  Care  of  5020  Race  St.,  Philadelphia 

Coleman,  G.  K  2nd  Lieutenant...  ..Coast  Artillery...    Fort  Howard,  Md. 

Cope,  T.  D  1st  Lieutenant  Science  and  Research  Laboratory,  Air  Service  Langley  Field.  Hampton,  Va. 

Craig,  Coulter   .Major.  {^^SuSS^vSmT   ^  of  Ordnance.Washington,  D.  C. 

Dunlap,  V.  R  .Lieutenant    Naval  A:r  Station    Pensacola,  La. 

Evans,  E.  M...  1st  Lieutenant  ...Motor  Transport  Corps   Washington,  D.  C. 

Frank,  A   2nd  Lieutenant  540lh  Engineers,  Service  Battalion   Camp  Humphreys,  Va. 

Gribbkl,  W.  G  Major...   Engineers   _.  Camp  Humphreys,  Va. 

Hathaway,  H.  K.  Lieut.  Colonel   Ordnance,  N.  A  American  Expeditionary  Forces,  via  New  York 

Hamilton,  R.  D  Captain   Ordnance  Dept     South  Amboy,  N.  J. 
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Miller,  F.  W.,  Jr.  2nd  Lieutenant  Ordnance  Dept.,  V.  S.  A   Raritan  Arsenal,  Metuchen,  N.J. 
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Pierce,  D.  T..    Major  American  Red  Cross    France 

Raynsford,  C.  O.    Captain  Ordnance  Officers'  Reserv  e  Corps  Washington,  D.  C. 
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ELECTRIC  WELDING  AS  APPLIED  TO  STEEL 
SHIP  CONSTRUCTION  * 

A  series  of  discussions  held  under 
the  auspices  of  the  Electric  W tiding 
Branch  of  the  Education  and  Training 
Section  of  the  U.  S.  Shipping  Board. 
Emergency  Fleet  Corporation 

Seventh  Discussion 

ELECTRIC  WELDING  PRACTICE 

By  PROF.  COMFORT  A.  ADAMS 
Chairman  of  the  FJrctrit-  Welding  Committer 

THE  history  of  almost  any  new  industry  reveal* 
that  the  first  developments  and  success  were  due 
to  practical  men,  who,  while  feeling  their  way  in 
advance  of  established  theory,  obtained  results  so  en- 
couraging as  to  compel  scientific  investigations  and  the 
establishment  of  clearly  dr lined  governing  principles. 
So  particularly  has  this  been  true  in  the  case  of  Elec- 
tric Welding  that  the  committee  which  was  appointed 
by  the  Emergency  Elect  Corporation,  first  to  investi- 
gate, and  later  authorized  to  establish  Electric  Weld- 
ing in  steel 
ship  construc- 
tion, has  been 
almost  con- 
stantly called 

upon  to  enlarge 
its  activities,  so 
as  to  include 
the  ever-in- 
creasing n  e  w 
problems  in 
con  n  c  c  t  i  o  n 
with  this  work 
which  are  be-  . 
ing  encounter- 
ed in  the  field. 

Although  it 
is  recognized 
in  this  case 
that  practice 
has  so  decided- 
ly preceded 
theory,  never- 
theless it  may 
be  interesting 
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to  trace  briefly  the  developments  in  this  art  from 
the  viewpoint  of  the  work  done  by  the  Electric  Weld- 
ing C  ommittee,  whose  personnel  is  now  made  up 
of  representatives  broadly  covering  the  fields  of  both 
Electric  and  (ias  Welding,  and  whose  activities 
have  been  carried  on  largely  through  its  sub-commit- 
tees, each  of  which  has  been  assigned  to  some  particu- 
lar phase  or  phases  of  the  work — such  as  Testing, 
Research,  Training.  Ship  Design,  W  elding  Equipment, 
the  Visiting;  of  Shipyards,  Publicity,  Report,  and  Ques- 
tions of  Policy. 

TESTING 

The  methods  of  testing  that  have  lieeu  investigated 
and  considered  are  Magnetic.  Electric,  X-ray,  and 
Mechanical. 

While  the  investigations  in  the  Magnetic,  Electric, 
and  X-ray  lines  have  not,  up  to  the  present  time,  been 
carried  very  far.  still  there  are  very  great  difficulties  in 
making  the  necessary  measurements  in  such  a  way  as 
to  be  conclusive.  The  Mechanical  methods,  therefore, 
appear  to  be  the  only  ones  which  yield  appreciable 
promise  of  any  practicable  success,  and  even  these  are 
limited  in  their  application.    In  this  latter  method  the 

weld  is  gone 
over  with  a 
It  a  m  in  c  r  or 
caulking  tool, 
to  see  whether 
the  welded  ma- 
terial can  lie 
broken  loose 
or  caved  in. 
Such  tests  are, 
of  course, 
highly  super- 
ficial, and  are 
not  by  any 
means  conclu- 
sive. For  this 
reason  it  looks 
as  if  the  most 
important  fac- 
tor in  Electric 
Welding  is  the 
skill  of  the 
welder,  togeth- 
er with  such 
specifications 


•Delivered  in  the  auditorium  of  the  Engineers' Club  of  Philadelphia.  August  7,  1918. 
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SUMMARY  OP  TENSILE  TESTS 
V.  S.  SHIPPING  BOARD.  EMERGENCY  KLKKT  CORPORATION 


Sp,vi- 
mm 
No. 

Weld 
ma- 
chined 
Ye. 

or  No 

Reduc- 
tion 
of 
a  tea 
per 
cent. 

Bt.r-  ELin- 
fcatior.  galiim 
ip  fl"     in  2" 
per  per 
cent.  cent. 

Yield  Ultimate 
p:>int      load  lbs. 
lbs.  per  per 

in.      s-:|.  in. 
of  pUte    of  ptnle 
velum  »ectl"ti 

Remarks 

22 
11 

No 
No 

51  i 
S»  i 

i«  ;j 

1»  )5 

V  0 
6  0 

J  woo 

37000 

OIS100 
6S400 

Fracture  6,5ft"  from 
centre  line  <>f  w.M, 
cracks  III  weld.  <up 
fracture,  dell,  silky 
and  fine  grained 

Fracture  .1.22"  fr*>m 
centre  line  of  wel  1, 
shear  fracture*,  dull, 
silky  and  fine  gratm-d 

19 

Yex 

17  « 

lO  00     12  D  .1720O 

i 

1 

62BOO 

Fracture  at  weld,  air 
Imtjhlcfc,  dull  and 
non-uniform  texture, 
irregular  fracture 

22 

Yea 

12  2 

3  75 

6  0 

.17100 

,w:ooo 

Fracture  at  Weld.  fr»' 
air  l>uM>k».  dull, 
non-uniform  texture, 
irregular  fracture 

IS 

"is"" 

Yea 

8  4 

2  00      4  0 

1 

10400 

Fracture  at  weld,  air 
bubbles,  dull  and 
non-unif  jTm  texture. 
im'Kular  frartuie 

No 

4  00      R  0 

42440 

S7140 

Fracture  at  weld,  dull 
and  rn'in-uniformtex. 
ture.  irregular  frac- 
ture 

1 

No 

12  7       1  i  0  .1*100 

654  70 

Fracture  at  weld.  dull, 
silky  a  nd  uniform 
tenure;  good  «M 

J 

Yes 

6  H     I  ;s     J  (i  moo 

!  1 

S0600      Fracture  it  n-elii.  dull. 

silky,  (airly  uniform 
tenure;  good  weld 

5 

No 

....       4  37 

1  0  .11.100 

52280 

Fracture  at  weld.  non- 
uniform teitut.-.  n»t 
lhvri<uKhl>'  wet- led  in 
"V  at  weld  (fair 
wc'.dl 

5 

Yes 

1.7       4  75 

0  5 

.15650 

61100 

Fracture  at  weld.  dul'. 
silky,  uniform  tei- 
ture, iilnall  per  cent,, 
not  t  h  0  r  i  t  u  g  h  1  v 
welded  (goal  wrldj 

13 

No 

JO 

J  0 

46440 

5  70HO 

Fracture  at  weld,  dull, 
non-uniform  teiture, 
not  thoroughly 
welded  fpoor  arid) 

governing  the  manner  of  doing  the  work,  the  materials 
employed,  the  kind  of  electrode  and  current  for  each  size 
of  electrode,  regulations  of  current,  etc.,  as  will  insure 
that  the  weld  ii  being  made  under  the  best  possible 
conditions;  and  it  may  be  stated,  moreover,  that  under 
such  conditions  we  have  no  reason  to  expect  other  than 
good  work. 

RESEARCH 

Too  much  importance  has  been  attached  to  the  par- 
ticular characteristics  of  the  machine  which  supplies 
the  current.  The  difference  between  different  machines, 
each  with  a  good  operator,  is  almost  negligible  as  com- 
pared with  other  difficulties  which  have  been  largely 
overlooked  in  the  early  history  of  the  art.  Kor  ex- 
ample, when  a  welding  job  appears  to  be  difficult,  fre- 
quently the  machine  has  been  blamed  for  this  difficulty, 
while  as  a  matter  of  fact  the  trouble  lay  in  an  entirely 
different  direction.  It  is  the  function  of  the  sub-com- 
mittee on  Research  to  investigate  all  such  cases,  and  to 
segregate  the  different  variables  which  affect  the  result 
of  a  weld,  find  out  the  place  of  each  and  the  part  it 
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plays,  and  be  able  to  specify  conditions  under  which 
good  welds  can  be  made. 

The  work  that  may  be  expected  of  good  operators 
working  with  entirely  different  systems  may  be  noted 
in  Tables  Nos.  1,  2,  and  3,  which  show  the  result  of 
tests  made  on  ship  plates  welded  in  various  places. 
All  the  welds  were  made  by  different  people  with  dif- 
ferent systems  of  current  and  different  electrodes. 

Relative  to  direct  and  alternating  currents  in  their 
effect  upon  arc  welding,  the  opinion  has  varied  some- 
what as  to  the  relative  merits  of  these  two  methods. 
One  opinion  has  been  that  direct  current  was  the  only 
thing,  and  that  alternating  current  was  not  satisfac- 
tory. One  reason  for  this  stand  is  the  difficulty  of  hold- 
ing the  alternating  current  arc,  the  reason  for  that  diffi- 
culty being  obvious — namely,  that  if  the  arc  lengthens 
even  a  little  beyond  the  safe  operating  point,  it  be- 
comes so  thin  that  it  goes  out  between  cycles  and  the 
current  passes  through  zero.    On  the  other  hand  this 
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Sp-pf  i- 

No. 

Weld 
ma- 
chined 
Ye. 

or  No 

Reduc- 

lM 
area 
per 

cent, 

F.lcm- 
Ration 
in  »" 
per 

cent. 

Elon- 
gatirm 
in  2" 
per 
cent 

Yield  Ultimate 

point  toad 
lbs.  per    Iba,  per  Remarks 

aq,  in.      »q.  in. 
of  pl.te   of  p|,te 
tcclK.ii  sr(tK>:> 

J» 

Yea 

J  64 

4  0 

sr.so 

SITOO 

Fracture  at  weld.  dull, 
silky,  fiOQ-uniiora 
texture,  irregulxr 
fracture,  not  ttor, 
oughly  welded  Hair 
weld) 

23 

;w 

1  75 

4  0 

44700 

47K0 

Fracture  »t  weld,  dull, 
silky,  non-uniform 
texture,  not  thor- 
oughly welded  dair 
vreldl 

25 

4, 

2.  U 

3  5 

aiJOO 

4j;uo 

1'  l ...  l  aic  al  acd. 
fiilky.  non-uniform 
texture  (good  weld! 

27 

No 

7  0 

31100 

48700 

Fracture  at  weld,  dul), 
ailky.  "V"  shaped 
fracture  fairly  uni- 
form tenure  (fair 
weld) 

2T 

Yes 

1  97     1  !S 

i 

... 

30*00 

4S»00 

Fracture  at  weld,  dull, 
non-uniform  texture, 
irregular  fracture  not 
thoroughly  welded 
(stood  weld) 

16 

Yes 

l)S 

J  IS 

7  0 

3»t00 

302SO 

Dull,  silky,  few  air 
bubbles,  ragged  aod 
not  thoroughly 
welded 

16 

No 

5  25  . 

1 
• 

402M 

38740 

"V"  shaped  fracture, 
dull,  silky,  fairly  uni- 
form uature.  few  u? 

1" 

Ye. 

10  3 

4  5 

6  0 

37500 

54000 

Shear  fracture,  irregu- 
lar, dull.  litky.  air 
pocket*,  non-uniform 
texture  fgood  sreldl 

U 

No 

6  ?S 

11.0 

404SO 

61760 

Ranted  fracture,  dull, 
rilky.  air  pockets, 
non -uniform  testart 
(good  weld) 

20  No 

SJ  6 

11  0 

664MI 

Practured  ». It"  from 
centre  Una  of  -<U. 
dull,  ailky  and  uni- 
form texture 

.... 

62  0 

JJ  0 

551100 

5  8600 

Plate  material  loo 
weld):  dull,  silky, 
uniform  texture,  cooe 
fracture 

.13 

6)1 

lie 

S2200 

$6100 

Plate  material  mo 
weld>:    duIL  sitkj\ 

fracture 
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condition  is  considered  by  some  to  be  an  advantage, 
due  to  the  fact  that,  by  reason  of  the  necessity!  for 
holding  a  shorter  arc  with  alternating  current,  the 
molten  metal  from  the  electrode  always  drops  on  that 
part  of  the  plate  which  is  at  welding  temperature.  An 
opinion  which  the  writer  held  3t  one  time  with  regard 
to  the  direct  arc  was  that  there  was  some  difference 
between  positive  and  negative  electrodes,  which  was 
desirable.  It  happens,  however,  that  in  some  cases  it 
is  better  to  make  a  plate  positive,  and  in  other  cases 
to  make  it  negative,  so  it  docs  not  follow  that  this  is 
an  advantage  in  every  case;  it  depends  on  the  length 
of  the  arc,  the  materials  employed,  and  their  electrical 
as  well  as  their  mechanical  fusion  properties. 

With  reference  to  rigid  versus  non-rigid  systems  of 
welding,  and  overhead  welds,  the  sub-committee  on 
Research  reported  under  date  of  August  7,  1918,  as 
follows : 

The  only  point  was  whether  the  supposed  stresses 
which  might  be  present  in  case  the  metals  were  held  rigidly 
during  the  welding  would  cause  distortion  when  the  parts 
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Speci- 

n  nil 

No. 

weld 

Weld 
ma- 
chined 
Ye. 

or  No 

Angle 

f»n. 

ure 
begin 

Angle 

fail-  ! 
ure  > 

Date 
tested 

Teited 
by 

Remsfk* 

IS 

V 

Ym 

JO*  i 

J  19  IX 

C  P.  H. 

Not  thoroughly 
welded.  Poor  weld. 
Air  pocket*,  dull, 
non-uniform  texture 

it 

V 

Yes 

if 

50* 

C.P.H. 

Dull,  non-uniform  tex- 
ture, air  pockets 
(poor  weld) 

22 

V 

_ Yet 

78* 

80" 

;  19  18 

r.p.  n. 

Dull,  silky,  non-uni- 
form texture,  not 
thoroughly  welded 
(fair  weld) 

M 

V 

Ye. 

3$H° 

It* 

1   21  18 

CP.  H. 

Dull,  silky,  non-uni- 
form   texture,  not 

«rasr  welded 

18 

v 

Y« 

6S* 

84* 

;  2i.  i* 

Dull,  non-uniform  te«- 
ture,  .heat  fracture 
(fair  weld) 

20 

V 

Ye. 

J4* 

48' 

7/14/18 

Doll.  «Uky.  fairly  uni- 
form tenure,  air 
poekeU  (lair  weld) 

M 

V 

Y«« 

IS* 

JJ° 

1/24/18 

Dull.  «ilky,  fairly  «mi- 

thZ^V^weld^ 
(fair  weld) 

2* 

v 

Ym 

15* 

J** 

7/24/18 

Dull,  non-uniform  tex- 
ture, not  thoroughly 
welded  (poor  weld) 

(P.  P.) 

V 

Yes 

7  24/18 

O.K.  for  180*  and 
when  bent  almost 
double  (!»4")  .bowed 
amall  fracture  crack, 
(weld  not  on  pin) 

14 
1 

V 

Ye. 

7,  24/18 

K"  pin.  material  O.K. 
at  180* 

M 
1 

V 

Ye. 

7/24/18 

IH"  pin.  material 
O.K.  at  180* 

2« 
I 

V 

Y« 

*«"  pin.  material  O-K. 
at  180*,  and  O.K. 
when  bent  double 
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were  released,  and  whether  a  material  change  would  occur 
with  annealing.  The  conclusion  is  that  if  two  pieces  of 
metal  are  allowed  to  lie  loosely  and  free  to  move,  they  will 
warp  and  distort  in  their  relative  position  during  the  proc- 
ess of  welding ;  yet  if  they  are  clamped  rigidly,  the  stresses 
which  are  set  up  arc  taken  up  almost  entirely  by  a  slight 
giving  in  the  weld,  so  that  when  the  parts  are  released 
there  is  no  tendency  for  them  to  spring  out  of  shape,  nor 
is  there  any  apparent  lack  of  strength  which  can  be  re- 
gained by  supposedly  releasing  the  strains  with  annealing. 

Another  matter  that  wc  have  been  investigating,  partly 
by  trial  and  partly  by  talking  with  our  various  welders,  is 
that  of  overhead  arc  welding  work.  The  consensus  of 
opinion  is  that,  except  for  intermittent  spots,  overhead 
welds  arc  extremely  unreliable.  In  the  first  place,  it  is 
difficult  to  deposit  the  metal  at  all  without  great  fatigue  on 
the  part  of  the  operator ;  and,  in  the  second  place,  the  quality 
of  the  work  is  markedly  inferior,  and  we  have  come  to  the 
conclusion  that  it  should  not  be  depended  upon  at  all.  In 
other  words,  overhead  welding,  in  our  opinion,  is  only  suit- 
able for  temporary  tacking. 

The  above  points  will  by  no  means  cover  the  work 
being  done  by  the  Research  Committee,  but  will  never- 
theless give  some  idea  of  its  activities.  It  is  hardly 
necessary  to  say  that  an  enormous  amount  of  work 
and  a  large  number  of  men  arc  involved  in  this  under- 
taking; but  that  interest  is  rapidly  growing  may  be 
known  from  the  fact  that  the  cost  of  this  work  is  in 
some  instances  borne  by  private  corporations,  as  well 
as  by  the  Bureau  of  Standards  and  the  Emergency 
Fleet  Corporation. 

traihing 

The  Training  Committee,  although  a  sub-division 
of  the  Welding  Committee,  is  really  in  the  department 
of  education  and  training  of  the  Emergency  Fleet  Cor- 
poration. Its  function  is  the  training  of  electric  weld- 
ers and  the  instruction  of  electric  welders  in  the  art 
of  training  others  for  this  work. 
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The  existence  of  this  committee  is,  of  course,  due 
to  the  fact  that  welding  activities  have  greatly  outrun 
the  capacity  of  trained  welders  to  meet  the  demands 
placed  upon  them,  and  it  was  early  recognized  that 
green  men  would  have  to  be  trained  in  order  to  meet 
the  demands. 

The  schools  are  located  at  Schenectady,  Ncw|K>rt 
News,  the  Submarine  Boat  Corporation,  Hog  Island, 
and  at  the  Ford  plant.  The  time  required  to  make 
good  welders  varies,  of  course,  but  perhaps  an  average 
of  from  four  to  six  weeks  will  produce  satisfactorily 
trained  operators.  In  this  connection,  however,  it 
might  be  mentioned  that  one  of  the  difficulties  which 
has  had  to  be  met,  at  the  present  time,  is  the  rate  of 
wages,  since  the  fixed  government  rate  of  65  cents 
per  hour  is  not  high  compared  with  the  wages  men 
employed  in  other  work  on  vessels  are  earning. 

The  improvements  in  the  schools  are  constantly 
evident,  and  so  hopeful  are  some  interested  in  this  work 
of  the  good  to  be  gained  in  this  direction  that  predic- 
tions have  been  made  that  training  schools  will  become 
an  essential  part  of  the  employment  of  skillej  labor  in 
all  successful  industries. 

SHIP  DESIGN  AHD  COSTS 

The  sub-committee  on  Ship  Design  was  appointed 
originally  for  the  purpose  of  preparing  the  design  for 
a  completely  welded  ship,  although  this  committee 
will,  of  course,  handle  any  other  designing  questions 
that  may  come  up.  Its  members  consist  almost  en- 
tirely of  naval  architects  connected  with  the  main  com- 
mittee, and  the  accompanying  sketches  show  in  small 
part  some  of  the  lines  of  their  activities. 

In  addition  to  this  welded  ship  the  Design  Com- 
mittee has  been  interested  in  the  design  of  the  battle- 


ship Tarftel.  which  Commander  Knox  used  in  illus- 
trating his  paper,  "  The  Nomenclature  of  Electric 
Welding."  The  committee  is  also  interested  in  tin- 
preparation  of  some  ship  sections  at  the  Federal  yard, 
one  of  which  is  a  42-foot  section  of  a  %00-ton  ship  in 
which  the  arrangement  of  plating  is  the  same  as  for 
riveting,  although  the  entire  section  is  held  together 
by  electric  welding. 

In  connection  with  the  welded  ship  above  men- 
tioned, figures  reduced  to  a  ton  basis  which  have  ben 
worked  oul  as  to  the  probable  cost  of  the  steel  hull  may 
be  of  interest.  This  cost  has  been  divided  into  two 
parts,  namely,  welded  and  other  parts,  and  is  consid- 
ered a  conservative  estimate  of  the  cost  of  preparing 
plates  for  welding  and  assembling.  The  total  cost  of 
labor,  power,  and  electrodes,  apart  from  the  cost  of  the 
steel  itself,  is  $63.50  per  ton  of  steel  in  the  hull.  In  this 
welded  ship,  however,  we  have  only  2300  tons  of  steel, 
instead  of  2800  tons,  which  would  be  used  in  the  ordi- 
nary riveted  ship.  Reduced,  therefore,  to  the  same 
basis  of  tonnage,  this  cost  is  only  $52.50  per  ton  for 
the  purpose  of  comparison  of  the  riveted  ship.  The 
cost  of  the  riveted  ship  to-day  is  in  the  vicinity  of 
$80  per  ton,  although  considerably  less  than  a  year 
ago  this  riveting  cost  was  in  the  neighborhood  of  $65 
per  ton. 

Table  No.  4  will  give  comparisons  of  the  cost  of 
welding  on  a  unit  basis.  The  average  speed  of  welding 
is  five  feet  per  hour,  not  allowing  for  the  long  waits 
of  actual  work,  and  are  taken  from  the  Knglish  practice. 
The  amount  of  metal  per  running  foot  is  0.6  of  a 
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pound,  and  the  current  150  amperes.  The  power  is 
estimated  to  cost  3.<^ccnts  per  foot,  bare  electrodes  7.2 
cents,  and  labor  13  tents.  With  covered  electrodes  the 
cost  is  much  greater,  although  this  difference  is  due 
only  to  the  difference  in  cost  between  bare  and  covered 
electrodes. 

Table  No.  5  gives  a  summary  of  the  results  obtained 
in  England  in  gas  welding.  The  figures  have  been 
converted  by  the  substitution  of  American  cost  for 
oxy-acetylcne  labor  rather  than  the  English  cost.  Al- 
though American  data  as  to  the  cost  of  gas  welding 
is  not  complete,  nevertheless  in  the  practice  in  this 
country  the  difference  in  favor  of  arc  welding  is  much 
greater  than  indicated  in  these  English  figures,  par- 
ticularly when  we  take  into  account  the  reduced  cost 
of  bare  versus  covered  electrodes.  As  a  rule,  however, 
the  gas  weld  is  more  ductile  than  the  arc  weld.  It  has 
been  generally  considered  that  the  gas  weld  is  more 
satisfactory  for  other  metals  than  iron  and  steel,  such 
as  cast  iron,  for  instance. 


The  function  of  this  committee  is  to  visit  ship- 
yards for  the  purjK>se  of  stimulating  interest  in  the  use 
of  electric  welding  in  connection  with  steel  ship  con- 
struction, and  to  give  such  assistance  to  shipbuilders, 
or  to  the  men  who  are  doing  the  welding,  as  may  be 
possible,  since  it  is  of  the  greatest  importance  that  the 
managers  and  superintendents  in  the  yards  know  of 
the  difficulties  of  welding,  the  necessity  of  skilled  weld- 
ers, and  the  best  possible  electrodes  for  each  particu- 
lar purpose. 

It  is  also  the  purpose  of  the  committee  to  bring  to 
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WELDING  DATA  ON  PROPOSED  WELDED  SHIP  h"  PLATE  LAP  OR 
DOUBLE  V 

Tut  Data  is  Bawd  on  thk  U*«  or  Basic  ELKTtoDIs  akd  Motok  Ginhato* 
Average  speed  of  welding  on  continuous  straightaway  work  . .       S  ft.  perhr. 

Amount  of  metal  deposited  per  running  fool .   .  «  lb. 

C  urrent  ISO  amps.  A  20  volt*  -3KW 

Motor  generator  efl.  SO  per  cent.  -6  KW-S  -1.2  KWH  per  I  ft.  run 

I  2  KWH  X  J  cent.-    3  6  cu.perft. 

C  ost  of  electrode  I  Ownu  per  lb.  awl  allowing  for  waste  ends.  etc.  7  2  cU.perft. 
Labor  4>  65  cents  per  hr.  ;^  Sit.  -  Ul«ir  ....   IJ.OOcts.  perft. 

ToUl  cost  of  weld  per  ft  23  .  ■  cti.  per  ft. 

Data  from  Capt.  Caldwell's  letter  July  la,  ioiii.  covered  tlectroite*.  rheoitAlk 

control  line  voltage  100  V..  but  with  .  6  lb.  electrode  per  ft. 
Average  speed  of  welding  on  continuous  straightaway  work     .     5  ft.  per  hr. 
Amount  ol  metal  deposited  per  running  ft   .  *  lb*. 

12  KW  S  ft.  -  2  4  KWH  X  i  cents  per  ft.  run  ,   .      11  cli. 

Cost  of  electrodes   44.  16  cts. 

Labor  «J  6$  cents  per  hr.  .  5  .    13  00  ru 

Total  cost  of  weld  per  ft   M  Ucu. 


the  attention  of  shipbuilders  the  list  of  the  parts  ap- 
proved by  the  classification  societies,  although  it  might 
be  mentioned  that  if  all  the  parts  approved  were  welded 
we  should  have  a  program  which  would  tax  the  indus- 
try away  beyond  its  present  possibilities.  The  pro- 
gram for  permissible  welding  as  outlined  at  Hog  Island 
covers  a  total  number  of  about  225,000  pieces,  which  it 
is  estimated  could  be  riveted  at  a  cost  of  about  $245,000, 
and  welded  for  about  $99,000,  or  approximately  60  per 
cent,  of  cost  of  riveting. 

This  committee,  in  connection  with  the  Publicity 
Committee,  Equipment  and  Report  committees,  is  pre- 
paring a  handbook  on  Electric  Welding  in  which  will 
be  found  just  such  data  as  everyone  who  is  doing 
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RBPORT  FROM  CAPTAIN  CALDWELL  ON  SPEED  AND  COST  OP 
VARIOUS  TYPES  OP  WELDING 

OXY-AcarVLBNK 
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74 
3  2 
i  % 
IIS 


Pt.  run   Cost  of      Iron      Labor  Time 

Aretl.    gas  per  wire  for   per  ft.  per 

eft.      It.  tun     fllllnat  *»«Sct».  fool 

in  cents  per  hr. 


in  ft.  cost 


Tola! 
cost 


57 
2  4 
Si 

*  a 


2  25 
9  64 
22  74 

JS  02 


15  5415CM.  4ltl-55s. 

I  M  a  t*  cts.    am.  20s. 

4  13  2$  cts.  12m.  lis. 

5  15  US  cts.  Mm.  20a. 


i, 
19 
4  I 


•16 
19  96 
3»  99 

SJ  17 


Osy,  14  1.4  cents  per  cti.  ft.  c 
Acetylene  46  2  15  cents 

Filling^ ire_  1  cent  to  10  cenu  per  foot  according  to  s> re 


KWH 
*>  i  CIS. 


2  4  cts. 
t.iiU. 
9  J  CU. 
IS 


Filling  Carbon 
metal     ft  »  ctn. 
in  cents    p<*r  fool 


26 

I 

2  OO 
4  00 


16 
-t 


«S  65  cu. 

per  hour 

2  954  cts. 

5  42  cts. 
11  «1  cu. 
11  57  cts. 


weld 

2m.  45s. 

5m  Js. 
loin.  55  s. 
17m.  Os. 


Feet    Total  cost 
per    per  ft.  of 
hour    weld  in 
renU 
22  5  77 

12  II  16 

5  5  21  57 
3  5        3*  31 


Time  given  is  total  time  and  includes  swaging  ol  weld  after  welding. 
Tiro*  daring  which  current  is  approximately  50  per  cent.  toUl  time  of  weld 

Mstai.  KmctaoDB  Aac  Wilding 

Hate     Power     KWH    Electrode    Labor       Time       Speed    Total  cost 

per  foot 
of  weld 


V 


Power  KWH 
used  per  49  3  cu 
foot  run 
ampt..  at 

100  v. 

55  amp.     34  cts. 
100  amp.  I  33  cts. 
100  amp.  4  •  cts. 
I20amp.  7  2  cts 
American  price  of  co- 


Electrode  Labor  Time  Speed 
per  font  t»  65  CM-  per  toot  in  feet 
per  hour    of  weld    per  hour 


7 

12  9 
19  2 

25  5 


2  166  its.  Jin. 
2  954  cts.    2m.  45s 
I  66  cts.  Sin. 
13        cts  12m. 


J  3 
1 


17,  2 
J2  66 
43  7 


I  electrodes  approximately  10  pet  cent,  ol  I 

The  above  figures  have  been  obtained  from  Captain  Caldwell's  report 
by  substituting  American  price*  for  labor  and  materia!  foT  the  English  prices. 
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electric  welding  will  desire.  There  will  be  in  this 
handbook,  for  example,  diagrams  of  the  connections 
of  every  type  of  electric  welding  apparatus  in  exist- 
ence, together  with  data  as  to  its  efficiency  under  con- 
stant load,  and  under  actual  ordinary  working  condi- 
tions. At  the  present  time  a  great  deal  of  misinfor- 
mation has  been  brought  into  the  welding  field  and 
optimistic  statements  have  been  made  in  the  press  which 
have  resulted  in  actual  barm,  and  which  it  is  hoped  to  neu- 
tralize through  supplying  in  this  handbook  absolutely 
reliable  information. 

COHCLUSIOH 

The  spot  weld  is  satisfactory  for  most  purposes. 
The  difficulty  in  this  direction,  however,  lies  in  the  fact 
that  spot  welders  are  heavy  and  cumbersome,  and  have 
been,  up  to  the  present  time,  difficult  to  handle  in  port- 
able form.  The  power  required  for  Spot  welding  is  per- 
haps double  that  required  for  arc  welding,  but  the  speed 
of  spot  welding  and  the  labor  cost  is  tremendously  re- 
duced as  compared  with  arc  welding.  The  large  sta- 
tionary spot  welding  machines,  such  as  have  been  used 
in  fabrication  shops,  will  undoubtedly  find  a  tremen- 
dous field  of  usefulness,  as  in  this  class  of  work  the 
limitations  have  not  been  found  difficult  to  meet. 

With  arc  welding,  on  the  other  hand,  the  field  of 
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PORTABLE  SPOT  WELDING  MACHINE 

usefulness  is  absolutely  unlimited,  not  only  in  the  ship- 
building field  but  in  all  departments  of  manufacture, 
and  is  growing  so  rapidly  to-day  that  it  is  very  diffi- 
cult to  keep  pace  with  its  possibilities. 

With  respect  to  the  all-welded  ship,  it  may  be  stated 
that  very  few  people  have  so  far  appreciated  how  good 
the  all-welded  ship  would  be,  with  the  result  that  the 
average  capitalist  is  still  suspicious  of  this  new  method 
which  has  not  yet  been  thoroughly  proved  out.  When 
a  man  who  is  paying  for  ships  seeks  information  in 
this  direction,  and  is  passed  along  from  the  ship  owners 
to  their  superintendents,  and  from  the  superintendents 
to  the  foremen,  and  from  the  foremen  to  the  riveters, 
it  may  readily  be  appreciated  that  the  information  on 
electric  welding  returned  to  him  has  not  been  very 
satisfactory. 

A  further  reason  why  the  completely  welded  ship 
is  not  being  realized  at  the  present  time  is  the  effect 
of  crystallization  of  the  joints  under  vibration  stresses. 
Most  arc  welds,  although  not  all,  are,  relatively  speak- 
ing, brittle,  and  ship  designers  and  the  classification 
societies  are  cautious  and  afraid  of  this  brittle  joint. 

As  mentioned  previously,  however,  the  lists  of  parts 
which  have  been  approved  by  the  classification  societies 
for  electric  welding,  together  with  many  other  parts 
which  by  deduction  would  be  classified  as  approved, 
have  presented  a  field  for  electric  welding  so  large  that 
we  are  not  in  any  immediate  danger  of  exhausting  the 
present  possibilities;  and  by  the  time  this  point  is  reached, 
other  lists  from  the  classification  societies  will  probably 
have  extended  the  field  in  advance  of  practice,  and  by 
these  successive  steps  the  field  will  have  broadened,  until 
the  completely  welded  ship  is  realized. 
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ELECTRIC  WELDING— A  NEW  INDUSTRY* 

By  II.  A.  IIOHNOR 

INTRODUCTION 

ABOUT  a  year  ago  the  Chairman  of  the  Stand- 
ards Committee  of  the  Institute  was  requested 
to  investigate  and  Standardize  spot  welders  and 
the  apparatus  connected  with  them.  It  occurred  to  the 
members  of  this  committee  that  electric  welding  could 
perform  an  important  function  in  increasing  the  prog- 
ress of  steel  ship  construction.  The  work  which  was 
started  by  the  Standards  Committee  was  then  trans- 
ferred to  the  General  Engineering  Committee  of  the 
Council  of  National  Defense.  Last  winter  the  Council 
of  National  Defence  abolished  all  advisory  committees  ; 
hut  at  this  time  the  Emergency  Fleet  Corporation  of 
the  U.  S.  Shipping  Hoard  had  become  so  much  inter- 
ested in  the  subject  that  they  decided  to  adopt  the 
Committee.  The  Committee  is  composed  of  represen- 
tatives cover- 
ing broadly  the 
whole  field  of 
welding  activi- 
ties in  this 
count  ry  and, 
although  elec- 
t  r  i  c  welding 
has  been  t  h  e 
subject  of  all 
the  investiga- 
tions up  to  the 
present  time,  it 
is  now  pro- 
posed  to  in- 
clude gas  weld- 
ing with  repre- 
sentatives from 
all  the  gas 
welding  asso- 
ciations and 
companies  con- 
nected  with 
this  industry. 

The  two  main 
processes  of 
electric  w  e  1  d- 
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and  in  the  second  case  to  certain  factory  quantity  pro- 
duction jobs.  The  work  done  was  in  the  case  of  spot 
welding  only  on  light  material,  and  in  neither  case  very 
extensive.  The  processes  to  be  successful  in  their  ap- 
plication to  the  construction  of  merchant  vessels  would 
have  to  show  reliability  in  the  joining  of  steel  plates 
from  a  half-inch  to  one  inch  in  thickness.  To  this  and 
kindred  problems  the  committee  immediately  turned 
its  attention. 

The  work  had  all  been  done  in  the  field  where  it 
had  been  applied  by  practical  men.  It  was  first  nec- 
essary to  formulate  the  proper  nomenclature  and  sym- 
bols. This  was  thoroughly  investigated  and  a  very 
comprehensive  set  of  symbols  has  been  approved  by 
the  committee  and  is  in  daily  use  by  those  now  ac- 
tively engaged  in  this  new  application.  The  approved 
nomenclature  introduces  the  subject  to  the  designing 
and  calculating  engineer  and  gives  him  the  instrument 
by  means  of  which  he  is  able  to  place  his  thoughts  rap- 
idly and  conveniently  on  drawings. 

The  manufacturers  of  apparatus  joined  the  practical 
man  in  the  study  of  the  problems  of  electric  welding. 

Apparatus  and 
so-called  proc- 
esses i  n  t  r  o- 
duced  various 
types  of  ma- 
chines suitable 
for  the  conver- 
sion of  elec- 
trical supply  to 
the  proper  val- 
ues of  current 
and  voltage 
needed  at  the 
arc  or  at  the 
spot.  The  man- 
ufacturer in 
h  i  s  eagerness 
to  meet  the 
problem  natur- 
ally encounter- 
ed many  diffi- 
culties. These 
difficulties  i  n  - 
creased  until 
a  point  was 
readied  as  re- 
ferred to  above 


ing,  namely,  arc  welding  and  spot  welding,  were  found  where  he  demanded  some  standards  upon  which  his  appa- 
by  this  committee  applied  in  the  first  case  to  repairs    ratus  could  clearly  be  rated.   Therefore,  the  manufacturer 

was  only  too  pleased  to  co-operate  with  the  Welding 


•  Presented  at  a  Joint  Meeting  of  the  Philadelphia  Section 
of  the  American  Institute  of  Electrical  Engineers,  the  Associa- 
tion of  Iron  and  Steel  Electrical  Engineers,  the  Engineers'  Club 
of  Philadelphia  and  the  Electric  Welding  Committee  of  the 
Emergency  Fleet  Corporation,  Philadelphia.  Pa.,  September  16 


Committee  and  is  today  conscientiously  aiding  in 
straightening  out  the  difficulties  in  which  he  was  in- 
volved prior  to  last  year. 

Arc  welding  in  this  country  has  largely  been  done  in 


1918.  Courtesy  of  the  A.  I.  E  E.  Proceedings  for  September,  railroad  repair  shops.  It  was  discovered  that  the  proc- 
1918.  ess  was  much  cheaper  and  could  be  performed  more 
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rapidly  than  by  any  of  the  gas  welding  methods.  1 1 
also  COttM  he  applied  without  preheating  and  in  many 
cases  without  the  expense  of  disassembling  compli- 
cated pieces  of  machinery.  Spot  w  elding  besides  being 
used  in  many  different  industries  was  sought  for  by 
the  railroad  man  and  there  has  been  built  a  gondola 
car  which  has  seen  some  seven  or  eight  years  of  ser- 
vice. It  is  interesting  to  note  here  the  difference  in 
practice  between  Great  Britain  and  the  United  States. 
The  former  knowing  little  or  nothing  about  spot  weld- 
ing had  the  practice  and  application  of  arc  welding  very 
n  ell  under  way ;  the  latter  exactly  the  reverse. 

Apparently  the  attempts  to  train  operators  were 
rather  crude  and  it  was  early  observed  that  the  relia- 
bility of  the  electric  weld  depended  substantially  upon 
the  skill  of  the  welder.  The  manufacturers  of  appa- 
ratus and  the  superintendents  'in  railway  shops  had 
struggled  with  the  problem  of  training  operators,  but 
intensive  study  had  not  been  given  the  subject  so  that 
there  existed  in  this  respect  a  great  deal  of  groping  in 
the  dark. 

PRESENT  STATUS  OF  ELECTRIC  WELDING 

Investigations  were  immediately  undertaken  to  an- 
swer the  question  whether  spot  welding  could  be  suc- 
cessfully accomplished  using  one-inch  thick  steel 
plates.  An  experimental  apparatus  of  large  size  was 
erected  and  put  into  operation,  the  results  showing 
that  no  difficulty  was  encountered  with  half-inch  and 
three-quarter  inch  plates.  The  same  remark  applies 
to  one-inch  steel  plates.  In  fact,  this  experimental  ma- 
chine was  successful  in  welding  three  thicknesses  of 
one-inch  plate,  a  condition  which  far  exceeds  the  re- 
quirements of  merchant  ship  construction.  This  op- 
eration has  its  historical  significance  in  that  this  was 
the  first  time  that  any  spot  welding  of  this  magni- 
tude had  been  performed.  The  successful  outcome  of 
these  experiments  has  led  to  the  design  and  construc- 
tion of  large  spot  welders  to  be  used  in  the  fabrication 
of  ship  sections.    The  practical  application  of  a  large 

5.1S 


OF  PHILADELPHIA 

five-foot  gap  spot  welder  will  be  made  at  a  demonstra- 
tion of  a  forty-foot  section  of  a  standard  9600-ton  ship 
to  be  built  at  the  plant  of  the  Federal  Shipbuilding 
Company,  Kearney,  New  Jersey.  This  is  the  largest 
portable  spot  welder  ever  built.  It  will  prove  two 
points  in  ship  construction  by  the  electric  method, 
namely,  the  clamping  of  the  ship's  structural  parts  for 
assembly,  thereby  reducing  the  time  in  working  the 
material  as  well  as  for  the  erection  of  the  ship  material; 
and  secondly,  by  the  speed  of  spot  welding  it  will  prove 
the  decrease  in  time  for  joining  the  material  together. 
The  consensus  of  opinion  is  that  the  large  stationary 
spot  welder  of  five-  or  six-foot  gap  will  undoubtedly 
play  an  important  part  in  increasing  the  speed  of  fab- 
ricating sections  of  standard  steel  vessels.  Further  in- 
vestigations are  being  made  and  designs  are  being 
worked  out  for  special  spot  welders  for  use  in  the  con- 
struction of  bulkheads.  The  designs  proposed  are 
chiefly  for  shop  processes,  but  it  can  be  asserted  that 
such  apparatus  will  be  of  undoubted  value  in  the  sav- 
ing of  time  and  man  power. 

Arc  welding  had  been  tried  in  a  great  variety  of  work 
but  there  was  no  conclusive  evidence  that  it  could  be 
developed  to  the  stage  of  joining  ship  plates  with  the 
certainty  of  full  strength.  The  first  stage  of  this  in- 
vestigational work  is  now  almost  completed.  Sample 
welds  of  half-inch  ship  structural  steel  were  taken  by  a 


ARC    WELDIM.   IS    THREE   DIFFERENT    POSITION"*  '>  —  FLAT,  VERTICAL 
AND  OVERHEAD 


DECEMBER.     NINETEEN     HUNDRED     AND  SIGHTEEN 


Digitized  by  Google 


ELECTRIC 


WELDING 


special  sub-committee  to  fourteen  or  fifteen  different 
places  where  electric  welding  was  being  performed. 
This  sub-committee  saw  the  welding  done,  noted  the 
conditions  of  current,  voltage,  electrode,  operator,  ^'tc, 
and  then  prepared  the  welded  samplei  for  tests.  The 
samples  were  forwarded  to  the  Bureau  of  Standards 
in  Washington  mi  that  the  tests  should  be  conducted 
by  parties  absolutely  disinterested  and  without  knowl- 
edge of  how  the  sample  -  w  ere  obtained.  The  results 
(if  these  tests  showed  a  remarkable  similarity,  espe- 
cially when  it  is  realized  that  they  were  made  by  several 
firms  w  ith  different  electrode  materials  anil  under  vary- 
ing conditions  of  the  electrical  circuit.  Practically  all 
of  the  welds  pulled  at  over  50,000  pounds  per  square 
inch  and  several  over  60.000  pounds,  the  average  being 
about  58,000.  On  the  bending  test  one  of  the  samples 
was  bent  to  an  angle  of  78  degrees  before  a  crack  started 
and  final  failure  reached  80  degrees.  In  another  case 
the  sample  was  bent  to  65  degrees  before  the  crack- 
started  and  final  failure  did  not  occur  until  86  degrees. 
The  point  of  importance  here  is  that  all  the  welds 
showed  a  reliability  and  satisfactoriness  which  makes 
conclusive  the  opinion  that  electric  arc  welding  is  ap- 
plicable for  the  joining  of  steel  where  the  structure  is 
submitted  to  live  loads,  bending  strains,  static  pressure 
or  the  like.  The  sub-committee  on  Research  is  pur- 
suing this  subject  and  practical  samples  are  being  pre- 
pared for  similar  tests  using  three-quarter  and  one-inch 
stock  material.   The  results  of  these  tests  will  be  avail- 
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able  as  soon  as  the  reports  are  presented  and  approved 
by  the  Welding  Committee.  The  Research  Committee 
is  also  preparing  various  types  of  joints  in  heavy  plat- 
ing. These  will  be  submitted  to  all  the  regulation  tests 
and  in  addition  to  shock  and  fatigue  tests  and  tests  to 
destruction. 

To  give  a  further  indication  of  the  large  size  prac- 
tical tests  which  are  being  carried  on  at  the  present 
time  it  may  be  stated  that  three  12-foot  cube  electrically 
welded  tanks  are  now  being  constructed.  These  tanks 
are  built  in  such  a  way  that  from  twelve  to  fifteen  dif- 
ferent designs  of  joints  are  used  in  their  construction. 
After  these  tanks  are  built  they  will  be  subjected  to  a 
static  strain  and  the  deflection  of  the  seams  will  be 
directly  measured.  Afterwards  they  will  be  tested  by 
external  shock  and  crushed  to  destruction.  Portions 
of  the  joints  will  be  cut.  sent  to  the  Murcau  of  Stand- 
ards, and  again  tested  for  the  sake  of  accumulating 
precise  data.  In  this  connection  there  is  being  built  at 
the  Norfolk  Navy  Yard  a  battle-towing  target.  The 
keel  of  the  target,  110  feet  long,  will  be  entirely  elec- 
trically welded  and  the  results  of  this  practical  demon- 
stration will  be  carefully  recorded  after  it  has  been  put 
in  regular  service. 

It  is  to  be  expected  that  the  manufacturers  of  ap- 
paratus.  being  keenly  observant  of  the  increased  inter- 
est in  electric  welding  as  well  as  in  the  future,  which 
is  probably  now  unquestioned,  would  be  active  in  their 
desire  not  only  to  improve  their  present  facilities  and 
their  design  of  apparatus  but  also  to  proceed  them- 
selves to  follow  the  trend  of  the  investigations  made 
by  the  Welding  Committee.  The  consequence  of  this 
has  been  a  large  increase  in  output  of  apparatus  and  it 
may  be  unhesitatingly  stated  that  there  are  no  diffi- 
culties in  the  way  of  obtaining  all  the  electrical  weld- 
ing apparatus  that  is  needed.  One  interesting  point 
is  that  certain  manufacturers  who  were  decidedly  of 
the  opinion  that  direct  current  was  the  only  proper 
current  to  use  for  arc  welding  have  within  a  very  re- 
cent period  changed  their  point  of  view  and  are  willing 
to  admit  that  alternating  current  may  have  certain  ad- 
vantages in  the  development  of  this  art. 
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B — I  '  bar  wcUlrd  to  No.  16  gauge  plate 
C — J9  piece!  of  No.  16  gauge  plate 


The  electric  arc  requires  a  reduced  voltage  and 
this  is  difficult  to  attain  with  direct  current  without 
relatively  expensive  machines  or  a  useless  expenditure 
of  energy.  The  practice  in  this  country  in  manufac- 
turing establishments  of  any  size  has  been  toward  an 
increase  in  the  supply  voltage  so  that  very  few  large 
manufacturing  plants  use  less  than  220  volts  direct  cur- 
rent. W  ith  this  voltage  the  only  economical  method 
of  transformation  is  in  the  use  of  a  motor-generator  set. 
The  efficiency  in  this  case  is  in  the  neighborhood  of 
50  to  60  per  cent.  It  is  possible  to  use  a  supply  voltage 
of  110  volts  with  a  variable  resistance  which  cuts  down 
the  voltage  to  the  arc  volts.  This  gives  a  very  poor 
efficiency.  In  the  case  of  alternating  current  the  sup- 
ply voltage  can  be  reduced  by  a  transformer  which  will 
supply,  as  in  the  case  of  direct  current,  a  sufficient  volt- 
age for  striking  the  arc  and  a  satisfactory  reduction 
when  the  arc  has  been  struck.  On  the  other  hand,  if  a 
low  voltage  alternating  current  Is  provided  a  simple 
reactance  may  be  introduced  which  has  some  of  the 
same  wasteful  characteristics  of  the  resistance  ti^cd 
with  the  direct  current.  The  average  apparatus  will 
permit  of  electric  arc  welding  consuming  about  six  to 
c-rIvI  kilowatts  per  welder,  but  if  low  voltage  is  provided 
there  are  certain  outfits  which  will  reduce  the  consump- 
tion as  low  as  three  and  one-half  kilowatts  per  welder, 
or  even  less. 

Without  entering  into  an  elaborate  analysis  of  the 
relative  costs  of  electric  welding,  it  may  be  broadly 
stated  that  there  is  hardly  any  question  that  the  electric 
process  is  cheaper  than  any  other.  The  same  may  be 
said  as  regards  speed  and  also  reduction  of  man  power. 
In  a  recent  discussion  of  this  subject  President  Adams 
stated  that  at  one  of  the  Eastern  shipyards  the  total 
number  of  parts  on  the  welding  program  of  the  stand- 
ard riveted  ships  now  building  at  that  yard  amounted  to 
225,000.  The  labor  cost  for  riveting  these  pieces  is 
about  $245,000  and  for  welding  about  $99,000.  making 
a  saving  of  $146,000.  Rut  this  is  only  a  drop  in  the 
bucket  when  compared  to  what  might  be  profitably 
done  in  this  line.  He  stated  further  that  in  certain 
particular  instances  the  saving  is  as  great  as  90  per 
cent. 

540 


One  of  the  interesting  questions  discussed  with 
some  fervor  by  the  members  of  the  Welding  Commit- 
tee is  the  advantages  of  the  bare  and  covered  elec- 
trode. Regarding  this  discussion  no  definite  facts  can 
lie  stated.  In  England  the  practice  has  been  to  use  the 
covered  electrode  which  protects  the  welding  arc  from 
contact  with  the  air,  thus  guarding  against  too  great  a 
formation  of  oxide.  The  practice  in  the  United  States 
up  to  the  present  time  has  been  largely  bare  wire.  Re- 
cently, American  investigators  have  discovered  the 
important  fact  that  there  are  advantages  in  the  cov- 
ered electrode  and  many  experiments  are  now  being 
made,  some  with  results.  It  is  important  to  observe 
that  in  the  above-mentioned  tests  of  welds,  the  best 
one  of  these  samples  was  made  with  a  coated  (not  an 
asbestos  covered)  electrode  using  alternating  current. 
The  point  in  this  case  seems  to  rest  upon  the  question 
of  the  ductility  of  the  weld  and  it  would  seem  that  the 
bare  electrode  does  not  make  as  ductile  a  weld  or  at 
least  one  as  easily  bent  as  the  coated  or  covered  elec- 
trode. The  question  of  the  ductility  of  the  weld  is  one 
of  much  importance  in  the  application  to  ship  construc- 
tion and  will  doubtless  be  of  importance  in  other  allied 
industries.  It  is,  therefore,  a  question  of  serious  im- 
portance and  constitutes  an  important  part  of  the  work 
of  the  sub-committee  on  Research. 

N'o  matter  what  the  type  of  electrode  is  nor  its  com- 
position, no  matter  what  kind  of  shank  material  is  to 
be  welded,  no  matter  what  kind  of  apparatus  is  em- 
ployed, the  reliability  of  the  weld  rests  mainly  upon 
the  man  who  makes  it.  This  man,  if  he  has  been  prop- 
erly trained  and  is  skilled  in  the  art,  knows  instantly 
Whether  he  is  making  a  weld  or  not.  He  becomes  after 
much  practice  able  to  judge  fairly  well  upon  looking  on 
a  finished  weld  whether  it  is  a  good  weld  or  not.  The 
work  of  training  electric  welding  operators  early  be- 
came a  part  of  the  functions  of  the  Education  and 
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Training  Section  of  the  Emergency  Fleet  Corporation. 
The  men  connected  with  this  work  are  members  of  the 
Welding  C  ommittee.  Schools  for  the  training  of  op- 
erators as  well  as  for  the  conversion  of  operators  into 
instructors,  are  established  in  many  parts  of  the  coun- 
try. The  objects  held  in  view  by  the  training  de- 
partment are  first  to  give  the  man  intensive  practice 
work  so  that  he  becomes  a  go<id  craftsman.  The  meth- 
ods arc  simple  to  start  with,  as  the  exercise  of  the  right 
arm  muscles  must  become  flexible  enough  to  permit 
the  operator  to  give  the  required  movement  to  the 
electrode.  My  a  graduated  series  of  exercises  this  is 
accomplished  in  about  eight  weeks.  The  man  is  al- 
lowed to  do  production  jobs  in  the  shop  which  gives 
him  confidence  through  responsibility.  It  becomes 
desirable  at  this  time  to  give  the  man  some  outside 
work  on  ships  and  where  this  is  practicable  it  is  done. 
The  man  is  then  turned  over  to  an  instructor,  who  gives 
him  an  intensive  course  in  pedagogics  lasting  from 
five  to  six  weeks.  At  first  sight  it  would  not  seem  nec- 
essary to  so  instruct  a  man,  but  it  is  not  generally  un- 
derstood that  teaching  after  all  is  itself  a  trade.  The 
experience  with  the  men  in  this  respect  is  most  in- 
teresting. In  nearly  every  case  the  man  has  resented 
this  course  at  the  start,  but  at  the  end  has  turned  com- 
pletely around  and  in  many  cases  has  desired  an  even 
more  extensive  training.  What  is  really  accomplished 
is  to  give  the  man  the  necessary  confidence  to  impart 
the  knowledge  that  he  has  gained  to  another  green 
man.  The  men  under  training  are  taken  from  the  vari- 
ous industries,  especially  the  shipbuilding  industry, 
and  after  they  have  finished  their  instructor  training 
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course  are  returned  to  their  employer  to  carry  on  the 
instruction,  in  their  own  plant.  The  men  who  go 
through  this  training  as  provided  by  the  Emergency 
Fleet  Corjwration  arc  certificated  when  they  have  shown 
themselves  to  be  entirely  proficient.  It  is  not  possible 
nor  expedient  for  the  Emergency  Fleet  Corporation  to 
require  the  certification  of  all  electric  welders.  It  is 
the  consensus  of  opinion  that  all  industries  doing  seri- 
ous work  with  the  electric  arc  should  use  men  who  are 
certified  as  to  their  ability  in  the  art  of  electric  welding. 
The  main  reason  for  this  opinion  is  that  the  operator 
must  be  a  conscientious  workman  or  the  weld  will  not 
be  of  perfect  quality. 

This  brings  forward  another  problem  upon  which 
a  great  deal  of  experimental  work  has  been  and  prob- 
ably will  continue  to  be  done,  namely,  a  practical  and 
scientific  method  of  testing  a  welded  joint  after  it  has 
been  made.  There  have  been  a  number  of  suggestions 
made  for  the  solution  of  this  problem.  They  are, 
briefly,  as  follows: 

(a)  Mechanical.  By  hammering  the  weld  or  by 
chipping  at  frequent  intervals. 

(b)  Electric.  By  means  of  resistance  or  voltage 
drop. 

(c)  Magnetic.  By  means  of  the  permeometer  or 
the  change  of  conditions  of  the  magnetic  circuit. 

(d)  X-ray.  By  means  of  an  exposure  on  an  X-ray 
plate. 

At  the  present  time  none  of  these  suggested  methods 
have  been  productive  of  conclusive  results  and  re- 
course must  be  had  to  the  purely  mechanical  methods 
of  striking  heavy  blows  on,  or  adjacent  to,  the  weld  or 
by  using  a  chipping  hammer  and  making  intermittent 
examinations.  It  would  seem  by  far  the  best  proce- 
dure to  make  the  inspector  proficient  in  the  art  so  that 
he  may  closely   observe  the  welders  while  at  work. 
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This  may  be  accomplished  by  a  two  or  three  weeks 
attendance  of  inspectors  at  any  one  of  the  electric  weld- 
ing training  centres. 

METHODS  OF  ELECTRIC  WELDING 

There  are  many  methods  and  processes  of  electric 
welding,  hut  the  two  main  ones  that  interest  the  com- 
mittee at  the  present  time  and  alone  have  been  men- 
tioned so  far  arc-  the  spot  welding  and  arc  welding.  It 
may  be  a  surprise  to  some  of  the  oldtime  welders  to 
consider  electric  welding  as  a  new  industry.  In  sub- 
stantiation of  this  statement  it  may  be  well  to  describe 
briefly  what  is  meant  by  electric  welding  as  it  is  prac- 
ticed today. 

Spot  welding  is  not  much  different  in  the  methods 
of  procedure  or  in  design  of  apparatus  as  when  it  was 
first  introduced.  Copper  electrodes.  water-ctx>led  in 
the  heaviest  machines,  are  placed  on  opposite  sides  of 
the  material  to  be  welded  together.  The  joint  is  a  lap 
joint.  Machines  are  now  so  designed  that  two  spot 
welds  may  be  made  at  one  time.  The  routine  of  the 
operation  is  as  follows: 

The  electrode*  are  brought  into  contact  with  the  materials 
to  be  joined,  current  is  supplied  sufficient  to  give  the  required 
heat,  pressure  is  then  applied,  the  current  is  removed,  and 
the  pressure  is  removed ;  the  weld  is  then  complete. 

The  oj>erator  has  a  perfect  indication  of  making  a 
good  spot  weld  by  the  use  of  a  button  placed  under 
the  electrode,  observing  which  he  knows  exactly  the 
proper  timing  of  the  operation.  There  is  therefore  no 
question  as  to  a  good,  bad.  indifferent  spot  weld.  Au- 
tomatic spot  welders  have  been  designed  and  built,  but 
it  is  the  general  opinion  that  they  add  complication  to 
a  process  which  in  itself  is  very  simple. 

The  process  of  arc  welding  U  as  follows : 

One  side  of  the  electric  circuit  is  connected  to  the  material 
to  be  welded,  the  shank  material  is  usually  prepared  by  bevel- 
ing the  edge  of  the  pieces  to  be  welded  together.  The  other 
side  of  the  electric  circuit  is  connected  to  the  electrode.  The 
operator  is  provided  with  a  holder  which  carries  the  clec- 
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trode.  By  touching  the  electrode  to  the  shank  material  the 
arc  is  drawn.  The  skilled  operator  now  move*  the  electrode 
from  side  to  side  of  the  groove.  Riving  a  semi-circular 
motion,  while  at  the  same  time  moving  the  electrode  along 
the  groove. 

It  is  important  that  the  arc  "  bite  "  itito  the  shank 
metal,  creating  a  perfect  fusion  along  the  edges,  anil 
the  movement  of  the  electrode  is  necessary  for  the  re- 
moval of  any  mechanical  impurities  that  may  he  de- 
posited. In  the  coated  electrode  it  is  further  necessary 
that  the  slag  which  forms  for  the  protection  of  the  pure 
metal  be  worked  up  to  the  surface,  and  it  is  extremely 
important  in  the  event  of  a  second  or  third  layer  that 
the  slag  or  impurities  be  carefully  scraped  away  lnffore 
the  virgin  metal  is  again  laid  on. 

The  operator  in  arc  welding  is  protected  with  either 
a  hand  screen  covering  his  face  with  special  glass 
through  w  hich  to  observe  his  work.  The  electric  arc 
emits  dangerous  invisible  rays  in  both  the  upper  and 
lower  spectrum  scale  and  it  is  quite  evident  that  both 
the  infra-red  and  ultra-violet- are  dangerous  in  their 
effect:  the  former  is  pathological,  the  latter  actinic. 
The  operator  further  uses  gloves  lor  his  hands  and  for 
the  very  difficult  work  of  overhead  welding  it  is  nec- 
essary for  him  to  use  a  helmet  which  partly  covers  his 
breast. 

DEVELOPMENTS 

The  tendency  of  development!  in  spot  welding  has 
already  l>een  slightly  touched  upon.  In  their  nature 
as  applicable  to  shi]>building  the  advancement  will  nat- 
urally have  to  proceed  toward  means  for  accomplish- 
ing sjKit  welding  in  very  cramped  locations.  This 
makes  an  ixceedingly  difficult  problem,  as  the  power 
requirements  are  such  as  to  preclude  any  very  small 
device.  In  riveting  one  half  of  the  apparatus  is  on 
one  side  of  the  work  and  the  other  half  on  the  oppo- 
site side  and  it  is  difficult  to  conceive  of  any  method 
of  s|Kit  welding  that  will  admit  of  such  an  arrange- 
ment. In  shipbuilding  it  is  quite  probable  that  designs 
may  be  made  that  will  permit  of  a  large  or  at  least  in- 
creased amount  of  spot  welding  in  the  actual  construc- 
tion of  the  vessel.  Certainly,  present  designs  of  riv- 
eted ships  will  not  allow  of  this  to  any  great  extent. 


Kl. KCTKICAI.lv  WELDER  MOTOR  L.U-NCH  Bl'ILT  IN   1915  At 
ASHTABIXA  HAMHOR,  OHIO 
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As  already  stated,  spot  welding  can  now  take  its  place 
in  the  fabricating  shops  and  it  is  to  be  expected  that 
within  a  few  months  spot  welding  will  begin  to  sup- 
plant riveting  in  this  field.  The  only  drawback  to  this 
will  be  the  sufficient  production  of  spot  welding  ap- 
paratus. 

The  tendency  of  development  in  arc  welding  is  to- 
ward the  automatic  machine  to  obviate  the  respon- 
sibility that  has  to  be  placed  upon  the  skilled  operator. 
Intensive  work  has  been  done  within  the  last  few 
months  in  the  line  of  automatic  arc  welding  machines 
and  at  the  present  time  sample  tests  of  welds  made 
by  such  apparatus  have  been  sent  to  the  Bureau  of 
Standards.   These  machines  will  occupy  a  very  impor- 
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tant  position  in  repetition  work.  They  will  not  imme- 
diately supersede  the  skilled  operator  in  repair  work, 
or  in  special  jobs,  but  it  may  be  expected  that  the  de- 
velopment of  such  machines  will  bring  about  appa- 
ratus which  can  be  man-handled  and  will  eventually 
take  the  place  of  most  of  the  hand  work  as  it  is  now 
known. 

Of  the  scientific  advancement  in  the  art  of  electric 
welding  there  is  so  much  to  be  treated  that  only  a 
general  outline  can  be  considered  at  this  time.  The 
research  work  has  only  just  begun.  Practice  has  pre- 
ceded the  scientific  investigation.  The  field,  therefore, 
is  full  of  most  interesting  problems.  Those  who  have 
been  following  the  development  of  the  past  six  months 
are  deeply  interested  to  know  the  fundamental  reasons. 
The  investigational  questions  may  be  grouped  into 
three  main  divisions: 

1.  Metallurgical. 
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2.  Physical. 

3.  Electrical. 

The  metallurgist  has  yet  to  tell  us  what  the  condi- 
tions of  the  metals  arc  after  the  electrode  material  has 
fused  with  the  parent  metal,  and  to  determine  what  the 
proper  conditions  must  be  to  produce  a  good  weld. 
This  problem  has  in  it  a  great  many  variables.  The 
physicist  must  explain  the  atomic  or  electrode  condi- 
tions which  permit  of  the  combinations  at  the  high 
temperatures  involved  and  must  explain  the  phenome- 
non of  overhead  welding.  The  electrical  investigator 
must  determine  all  the  various  phenomena  connected 
with  the  pteferences  between  and  the  advantages  of  the 
use  of  different  forms  of  electrical  energy  and  the  vary- 
ing characteristics  of  the  electric  circuit  in  producing 
different  types  of  welds. 

COHCLUSIOH 

From  the  preceding  remarks  it  must  be  conceded 
that  the  W  elding  Committee  of  the  Emergency  Fleet 
Corporation  has  already  crystallized  the  problems  con- 
nected with  this  art.  The  working  functions  of  this 
Committee  have  been  laid  down  upon  the  broadest  pos- 
sible lines.  Liberal  opportunity  has  been  given  every 
one  to  state  in  detail  his  opinion  and  to  express  the 
reasons  for  his  preference  on  every  point  connected 
with  this  subject.  The  Committee  goes  even  further 
than  this.  It  furnishes  those  interested  with  every  new 
idea  that  is  brought  to  bear  upon  the  subject  after 
sifting  from  the  suggestions  any  question  of  doubt 
or  misstatement  of  fact.  All  suggestions  of  improve- 
ment or  problems  of  special  application  arc  gladly 
taken  in  hand,  thoroughly  investigated,  and  reports 
made.  It  will  welcome  any  comments-  that  those  con- 
nected with  the  industries  may  desire  to  lay  before  it. 
The  personnel  is  at  the  present  time  such  that  it  can 
devote  not  one  but  many  minds  to  the  solution  of  any 
specific  problem  that  is  laid  before  it. 

The  Committee  early  discovered  that  the  literature 
of  electric  welding  was  very  much  clouded  by  mis- 
statement of  fact  or  half-baked  theory  and  much  of  the 
time  of  the  Committee  has  been  taken  up  in  disproving 
such  statements.  In  order  to  spread  the  results  of  this 
work  to  all  quarters  a  handbook  is  now  being  prepared 
which  will  contain  only  definite  facts  and  results  of 
investigations  as  are  approved  by  the  whole  Commit- 
tee. This  handbook  will  be  made  available  to  all  those 
who  desire  to  acquaint  themselves  with  the  proper 
means  of  accomplishing  good  and  reliable  electric 
welding. 

Complete  and  detailed  notes  on  all  discussions  may  be  referred 
to  at  the  Electric  Welding  Branch,  at  253  North  Broad  Street, 
Philadelphia.  Pa. 
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THE  METALLURGY  OF  ELECTRIC  FUR- 
NACE STEEL  PROCESSES  * 

By  L,  B.  LINDEMUT1I 

Consulting  Engineer  and  Metallurgist 
XRTRODUCTIOff 

THE  successful  application  of  electrically  heated 
furnaces  to  the  manufacture  of  steel  is  an  im- 
portant advance  in  the  commercial  production 
of  all  high-grade  steels. 

In  all  preceding  iron  and  steel  processes  distinct 
metallurgical  features  dominate  which  directly  influ- 
ence the  nature  of  the  product  and  limit  the  process 
to  products  of  one  general  nature.  These  features  are 
oxidation,  reduction  and  acid  or  basic  conditions;  the 
two  former  being  by  far  the  most  significant.  The  gen- 
eral effect  of  basic  or  acid  influences  is  really  largely 
dependent  upon  the  oxidation  or  reduction  features,  as 
the  metals  entering  into  steel  manufacture  exhibit  acid 
or  basic  properties  usually  only  when  oxidized. 

HISTORY 

The  ancient  processes,  dating  back  to  3500  bc, 
were  a  combination  of  first  reduction  and  then  oxida- 
tion, the  product  being  the  oxidized  iron  from  the 
earlier  stages  of  the  process.  During  the  Fourteenth 
century  the  first  pig  iron  from  which  modern  blast 
furnaces  developed  was  made.  The  operation  was  the 
first  step  or  reducing  operation  of  the  preceding  proc- 
esses. After  this  the  combination  of  reduction  and 
oxidation  of  the  ancients  was  broken  up  into  two  dis- 
tinct operations:  first,  the  reduction  of  iron  from  the 
ore;  second,  the  oxidation  of  the  carbon  and  chemical 
impurities  from  the  product  of  the  first. 

The  first  real  tonnage  operation  was  introduced  in 
1784,  when  the  present-day  puddling  process  was  de- 
veloped. This  is  entirely  oxidation.  The  first  liquid 
steel  process  was  invented  in  1740  and  is  our  present- 
day  crucible  method.  This  removed  the  mechanical 
impurities  from  the  product  of  the  previous  oxidation 
processes  and  placed  the  molten  material  under  reduc- 
ing conditions. 

Since  the  introduction  of  the  crucible  process  steel- 
making  has  developed  upon  definite  metallurgical  prin- 
ciples. 

In  1856  the  Bessemer  Converter  was  developed.  The 
predominating  feature  is  oxidation  of  elements  by 
means  of  an  air  blast  passing  through  molten  iron. 
This  process  is  dependent  upon  the  oxidation  principles. 

The  other  great  steel  process  is  the  Open  Hearth, 
which  was  invented  in  1864,  by  which  cold  materials 
arc  melted  and  the  desired  elements  oxidized  and  re- 
moved. The  Open  Hearth  process  is  oxidizing,  but  to 
a  less  extent  than  the  Ressemer. 

•  Presented  before  the  Philadelphia  Section  of  the  Asso- 
ciation of  Iroti  and  Steel  Electrical  Engineers.  Octol»cr  9,  1918, 
at  the  Engineers'  Club. 
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The  reason  why  the  two  great  steel-making  processes 
are  oxidizing  is  that  the  high  temperature  which  must 
be  obtained  for  proper  fluidity  can  be  secured  only  by 
complete  combustion  of  the  fuel  employed.  Complete  com- 
bustion necessitates  an  excess  of  oxygen,  the  excess  being 
readily  available  for  the  oxidation  of  other  elements  which 
will  unite  with  it. — Oxygen,  which  is  a  necessity  for  the 
removal  of  elements  from  pig  iron,  is  available  in  fixed 
quantities  from  sources  other  than  the  air,  but  a  process 
depending  upon  complete  combustion  of  fuels  (in  inti- 
mate contact  with  materials  employed)  for  its  tempera- 
ture is  necessarily  subjected  to  oxidation  until  its  com- 
pletion, and  hence  is  an  oxidation  process. 

The  development  of  electrically  heated  furnaces  gives 
to  the  steel  manufacturer  a  container  in  which  the  fuel 
for  the  necessary  temperatures  is  neither  oxidizing  nor 
reducing,  and  the  temperature  obtainable  can  be  far  in 
excess  of  steel-making  requirements. 

The  metallurgical  importance  of  the  electric  furnace 
to  the  steel  industry  is  based  upon  this  one  feature — 
a  neutral  fuel  having  no  chemical  function,  which 
makes  possible  the  production,  at  will,  of  oxidizing 
reducing  conditions. 

The  second  important  principle  of  steel  metallurgy 
which  must  be  understood  in  order  to  comprehend  the 
possible  flexibility  of  electric  furnace  processes  is  the 
relation  between  the  basic  and  acid  properties  of  the 
various  elements  entering  into  steel  manufacture.  The 
elements  arq  classified  below  according  to  basic  or 
acid  properties  and  the  chemical  form  in  which  their 
properties  are  effective : 


Baaic  vtrmrnu 

Bauc  form 

Acid  elements 

Acid  anhydride 

Fc  (Iron)  

Mn  (Manganese 
Ca  (Calcium) .  . 
Mg  (Magnesium 
Ni  (Nickel) .... 

FcO  Fc,(),  Fe.O, 
MnO 

CaO  (Lime) 

X 

Sf  (Suioom)7.7? 
Al  (Aluminum) 
P  (Phosphorus) 
S  (Sulphur) .  .  . 
W  (Tungsten) 
V  (Vanadium) 

SiO, 

AUO, 

PtO, 

s,  so, 
wo, 

V.O,  V.O.  V  A 

♦  Very  weak  base. 


In  addition  to  acid  and  basic  properties,  there  are 
elements  which,  at  the  temperature  of  metallurgical 
chemistry,  are  neither  basic  nor  acid,  but  which  may 
become  oxidized,  and  as  elements  or  oxides  influence 
metallurgical  processes.  The  principal  elements  in  this 
class  are : 

C  (Carbon)  oxidiies  to  COCO,. 
Cr  (Chromium)  oxidizes  to  Cr,0,. 

The  significance  of  bases  and  acids  is  that  the  oxides 
of  the  basic  elements  combine  only  with  acid  anhydrides. 
At  steel-making  tem]>eraturcs  true  acids  are  not  in  exig- 
ence, so  that  hereafter,  in  using  the  word  acid.  I  shall  mean 
the  acid  anhydride.  Both  basic  and  acid  elements  are  of 
different  degrees  of  affinity  for  oxygen  and  the  oxides  and 
acids  for  each  other,  and  these  degrees  for  the  same  ele- 
ments sometimes  vary  with  their  temperatures.    It  thcre- 
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fore  follows  that  for  the  removal  of  an  acid  clement  from 
the  steel  the  anhydride  of  that  element  must  be  produced, 
ami  a  suitable  basic  element,  usually  oxidized,  must  be 
introduced  to  combine  with  it  in  such  a  permanent  form 
that  it  will  not  under  normal  conditions  return  to  the 
steel.  For  the  removal  of  a  basic  clement,  the  reverse 
must  be  resorted  to,  i.e.,  the  element  must  lie  oxidized 
to  its  basic  form,  and  a  suitable  acid  introduced  to  com- 
bine with  it  in  a  permanent  f<irm. 

These  general  principles  apply  to  all  iron  and  steel  proc- 
esses from  the  ancient  forges  to  the  present-day  electric 
furnaces;  the  feature  of  these  principles  which  pre- 
dominates in  any  one  process  marks  the  characteristics 
of  the  product  of  that  process. 

For  the  first  time  in  the  history  of  iron  and  steel  a 
process  where  oxidation  or  reduction  may  be  produced 
when  desired  during  the  process,  and  in  the  sequence 
necessary,  has  been  developed  by  the  use  of  the  neutral 
fuel  of  the  Electric  Furnaces.  This  adapts  the  Electric 
Furnace  to  the  metallurgical  accomplishments  of  any 
one  or  all  of  the  previous  existent  liquid-steel  proc- 
esses. It  would  not  be  possible  in  a  paper  of  this  na- 
ture to  give  the  detailed  metallurgical  features  of  the 
various  processes.  Our  immediate  interest  centres  in 
a  comparison  between  the  commercial  Open  Hearth 
process,  the  high-grade  product  of  the  Crucible  proc- 
ess, and  the  possibilities  of  the  Electric  Furnace  proc- 
ess.  A  discussion  of  these  will  be  sufficient. 

All  iron  and  steel  products  contain  the  following 
elements: 


Iron 

St«l 

Low 

Low 

H«h 

P«r  tml. 

I'er  tt Mi, 

fa  ct%l. 

Pu  ctnt. 

2.50 

4.50 

0.02 

1.50 

0.3O 

4.00 

0.02 

1.50 

O.IM 

2.00 

0.01 

0.10 

Sulphur  

0.02 

0.20 

0.02 

0.10 

Silicon  

0.50 

.1.50 

0,01 

0,50 

Carbon  and  manganese  are  desired  in  exact  but  vary- 
ing percentages  in  order  to  impart  desired  physical 
properties.  Phosphorus  and  sulphur  are  impurities, 
and  their  elimination  is  desired  as  completely  as  pos- 
sible. Silicon  is  considered  a  deoxidizer  and  is  usu- 
ally desired  in  small  percentages,  about  0.15  per  cent, 
to  0.25  per  cent,  to  insure  the  steel  being  free  from 
gas  pockets,  known  as  blowholes,  after  it  solidifies. 
Another  impurity  in  steel,  about  which  we  theorize  a 
lot  and  have  little  direct  knowledge,  is  iron  oxide.  Iron 
oxide  in  the  form  of  FeO  is  supposed  to  exist  in  steel 
as  mechanical  particles  held  in  suspension,  and  as 
oxide  dissolved  in  the  metal.  It  renders  the  steel 
"  red  short  "  or  brittle  when  hot,  and  tends  to  involve 
gas  in  the  cast  steel  during  solidification,  the  gas 
in  turn  producing  internal  defects  known  as  blowholes. 

In  the  manufacture  of  a  heat  of  steel  it  is  therefore 
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necessary  to  be  able  to  add  to  or  reduce  the  carbon  and 
manganese  contents  at  will,  to  reduce  the  phosphorus 
and  sulphur  and  control  the  silicon.  In  addition,  any 
alloys  for  the  production  of  special  grades  of  steel 
must  be  added  without  excessive  loss  through  oxida- 
tion. For  the  highest  grades  of  steel,  oxides  must  be 
reduced  to  a  minimum. 

With  this  brief  outline  of  principles  and  require- 
ments, the  means  of  securing  the  desired  results  in  the 
three  processes  will  be  taken  up  separately. 

CROCIBLE  PROCESS 

111  the  Crucible  process  small  crucibles  holding  front 
eighty  to  one  hundred  pounds  of  metal  each  are  placed 
in  a  furnace  of  the  regenerative  type.  Any  number  of 
crucibles  up  to  probably  sixty  are  placed  in  a  furnace 
at  a  time.  The  cnicibles  are  covered  and  the  material 
is  melted.  After  melting  and  "  killing."  the  crucibles  are 
drawn  from  the  furnace  by  hand,  and  poured  into  a 
ladle  or  cast  direct  from  the  crucible  into  the  ingots. 

Crucibles  are  made  from  graphite  and  clay,  and  are 
therefore  acid  in  character,  due  to  the  clay,  and  re- 
ducing because  of  the  graphite.  The  air  and  name  be- 
ing kept  from  the  contents  of  the  crucible,  the  atmos- 
phere is  at  all  times  reducing.  It  is  therefore  evident 
that  a  control  of  the  carbon  during  the  operation  is  not 
possible.  The  average  carbon  content  of  the  materials 
charged  will  be  the  content  of  the  product,  except  that 
the  melted  steel  will  absorb  a  few  hundredths  of  a  |icr 
cent,  from  the  graphite  of  the  crucible.  Phosphorus, 
which  must  be  oxidized  in  order  to  combine  with  a 
basic  oxide,  has  no  available  oxygen,  nor  has  it  any 
basic  oxide  with  which  to  combine.  The  introduction 
of  a  basic  oxide  would  result  in  a  combination  of 
that  oxide  with  the  acid  material  of  the  crucible 
and  the  consequent  fluxing  of  the  crucible.  The  acid 
material  of  the  crucible  has  a  greater  affinity  for  a  base 
than  the  acid  form  of  phosphorus :  hence  the  impossi- 
bility of  the  removal  of  phosphorus. 

Manganese  could  be  reduced  from  steel  in  either 
basic  or  acid  surroundings  by  being  oxidized  and  go- 
ing into  the  slag.  In  the  crucible,  however,  where 
oxygen  is  not  available,  the  manganese  of  the  charge 
will  appear  in  the  finished  product. 

Sulphur  is  likewise  not  controllable.  It  appears 
that,  in  the  presence  of  a  great  excess  of  manganese, 
manganese  and  sulphur  will  combine  to  form  the  non- 
metallic  compound  MnS;  however,  in  the  crucible 
process  the  required  percentage  of  manganese  is  not 
available. 

Silicon  under  reducing  influence  cannot  be  oxidized 
to  form  its  acid  anhydride,  and  therefore  is  not  removed 
under  normal  conditions  in  the  crucible  process. 

This  reducing  condition,  however,  permits  the  in- 
troduction of  such  easily  oxidized  elements  as  tung- 
sten, molybdenum,  vanadium,  etc.,  without  excessive 
loss. 
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It  further  places  the  metal  at  all  times  under  condi- 
tions which  will  dissociate  any  contained  iron  oxide. 
The  oxygen  of  the  iron  oxide  combining  with  the  car- 
bon of  the  crucible  goes  off  as  gas,  leaving  the  iron 
behind;  or  it  combines  with  one  or  more  of  the  easily 
oxidized  acid  elements,  such  as  silicon,  vanadium,  etc., 
and  passes  into  slag. 

It  is  therefore  evident  that  the  crucible  process  is  a 
icmclting  process  in  which  the  analysis  of  the  product 
will  depend  upon  the  analyses  of  the  materials  charged, 
and  the  only  metallurgical  feature  of  a  purification  na- 
ture is  the  possible  reduction  of  contained  oxides  and 
the  removal  of  mechanical  impurities  after  melting  by 
reason  of  their  great  difference  in  specific  gravity. 

The  fact  remains,  however,  that  the  product  of  the 
crucible  process  has  maintained  for  one  hundred  and 
seventy-five  years  its  enviable  record  of  quality  which 
has  been  challenged  only  by  the  recent  product  of  the 
carefully  operated  electric  furnace. 


The  Open  Hearth  process  is  divided  into  two  kind;., 
the  acid  and  the  basic.  The  furnaces,  which  are  regen- 
erative, are  the  same  in  construction,  but  the  materials 
from  which  the  bottoms  or  hearths  are  constructed  are 
either  acid  or  basic,  depending  on  which  process  is  de- 
sired. In  the  acid  open  hearth,  the  bottom  is  made  from 
sand,  which  is  practically  pure  SiO,,  while  the  basic 
hearth  is  made  from  calcined  dolomite  (CaO.Mgo)  or 
mangesite  (MgO),  these  materials  being  strongly  basic. 
The  slag  in  the  acid  and  basic  processes  must  be  acid 
or  basic  respectively,  for  a  basic  slag  in  an  acid  furnace 
will  tend  to  became  neutral,  and  will  combine  with 
the  bottom  materials,  and  the  reverse  in  the  basic  fur- 
nace. 

Open  hearth  processes  depend  on  combustion  of 
pulverized  coal,  liquid  fuel,  or  gas,  in  the  hearth  of  the 
furnace,  for  their  temperature,  and  are  therefore  always 
subjected  to  oxidizing  conditions.  The  melting  point 
of  steel  rises  as  its  carbon  content  decreases,  and,  as 
the  carbon  introduced  into  the  open  hearth  charge  is 
necessarily  oxidized  from  the  start  of  the  process,  an 
excess  of  carbon  must  be  charged  to  permit  finishing 
within  the  limits  desired,  and  to  secure  fluidity  during 
the  refining  operations  without  necessity  for  main- 
taining the  furnace  at  maximum  temperature.  The 
excess  carbon  has  also  the  function  of  preventing  an 
overoxidation  of  iron  during  the  melting  operations  by 
combining  with  the  oxygen  of  the  air. 

It  is  customary  to  secure  this  carbon  by  charging 
pig  iron  and  scrap.  In  the  basic  furnace  it  is  necessary 
to  average  at  least  50  per  cent,  pig  iron  in  the  charge, 
while  in  the  acid  process  25  per  cent,  iron  is  usually 
sufficient. 

We  will  limit  our  discussion  to  the  basic  process, 
as  it  is  more  nearly  comparable  to  that  of  the  Electric 
Furnace.   The  Acid  Open  Hearth  does  not  permit  the 


elimination  of  phosphorus  and  sulphur,  which  is  the 
main  point  of  variation  in  the  two  processes.  The  dif- 
ference in  quality  of  the  products  is  much  discussed, 
but  not  yet  fully  determined.  The  following  example 
of  a  normal  basic  open  hearth  heat  will  be  assumed  to 
illustrate  the  principles  of  oxidation  and  reduction 
and  the  methods  of  eliminating  impurities: 

The  charge  consists  of  50  per  cent,  pig  iron  and  50 
per  cent,  scrap,  analyzing  as  follows: 


Pw  ixoa 

Scrip 

Fir  inl. 

4.00 
1.00 
0.25 
0.04 
1.50 

Fir  enl. 
0.50 
0  60 
0.02 
0.04 
0.15 

Ptr  tni. 
2.25 
0.80 
0.135 
0.04 
0.825 

Silicon  

The  first  consideration  is  the  silicon ;  we  have  0.825 
per  cent,  of  the  charged  weight  of  this  clement  which 
will  be  rapidly  oxidized  to  SiO„  a  strong  acid  anhy- 
dride. In  the  form  of  SiOt,  it  will  amount  to  1.765  per 
cent,  of  the  charged  weight.  In  order  to  prevent  its 
combining  with  the  basic  materials  of  the  bottom, 
basic  material,  lime  (CaO)  or  its  equivalent  in  lime- 
stone, is  added,  so  that  the  resulting  slag  will  have 
an  excess  of  CaO.  These  slags  should  not  run  over  20 
per  cent.  SiO„  and  preferably  less.  If  we  figure  on 
20  per  cent.  SiO,  in  the  slag,  and  the  lime  available 
contains  5  per  cent  SiO,.  it  will  require,  to  provide  for 
the  1.765  per  cent.  SiO,,  9.4  per  cent,  of  the  charged 
weight  of  pig  iron  and  scrap  in  lime.  The  finished  open 
hearth  slag  will  average  50  per  cent.  CaO,  so  that  the 
slag  volume  resulting  from  9.4  per  cent,  lime  will  be 
close  to  18.8  per  cent,  of  the  weight  of  the  charge. 

During  the  period  that  the  charge  is  melting,  when 
the  pig  iron  and  scrap  come  in  direct  contact  with  the 
burning  gases  and  air,  iron,  carbon,  manganese,  phos- 
phorus and  silicon  arc  oxidized.  Iron  oxide  in  the  form 
probably  of  FcO  melts  and  increases  the  fluidity  of 
the  slag  which  is  forming  from  the  lime  and  silica; 
manganese  likewise  forms  MnO,  which  passes  to  the 
slag.  Phosphorus,  oxidized  to  PtO._  and  being  acid, 
combines  with  the  lime  of  the  slag,  forming  calcium 
phosphate.  At  the  end  of  the  melting  stage  the  charge 
will  analyze  approximately  as  follows: 

Carbon   l.oo  per  cent. 

Manganese  0.35  per  cent. 

Phosphorus   O.03  per  cent. 

Sulphur   0.04  per  cent 

Silicon   0.10  per  < 


The  slag  will  analyze: 

SiO,   ,  . .  ,  20.0  per  cent. 

FeO  . .   t$x>  per  cent. 

MnO    3.6  per  cent. 

R.O,   -   2.8  per  cent. 

C»0,  MgO   5800  per  cent. 
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The  metal  is  now  entirely  covered  by  the  slag  and 
no  longer  comes  in  direct  contact  with  the  air  and 
gases.  It  is,  however,  blanketed  by  a  slag  contain- 
ing FcO.  The  carbon  of  the  steel  will  combine  with 
the  oxygen  of  the  iron  oxide  in  the  slag  and  will  pass 
off  as  gas.  The  gas  produces  an  ebullition  or  boiling, 
which  brings  the  metal  again  in  contact  with  air,  and 
replenishes  the  supply  of  iron  oxide  in  the  slag,  which 
in  turn  passes  oxygen  on  to  the  carbon  in  the  steel 
beneath  it.  It  further  happens  that  manganese  will 
combine  with  oxygen  in  preference  to  carbon  or  iron, 
and  the  manganese  in  the  steel  bath  will  therefore  be 
changed  to  MnO  and  pass  into  the  slag.  Phosphorus 
is  likewise  oxidized,  and,  combining  with  the  lime,  is 
retained  in  the  slag. 

To  hurry  the  process  and  make  the  oxidation  of 
phosphorus  more  complete,  and  the  elimination  of 
carbon  more  rapid,  iron  oxide  in  the  form  of  iron  ore  is 
added.  This  brings  oxygen  into  more  intimate  contact 
with  the  steel,  and  the  gas  which  is  generated  brings 
the  steel  and  slag  into  greater  contact. 

When  the  desired  carhon  is  reached  and  the  tem- 
perature is  right,  the  rccarbonizing  and  deoxidizing 
period  begins.  Assuming  that  our  theories  arc  correct,  the 
steel,  as  soon  as  molten,  absorbs  iron  oxide,  which 
must  be  partially  eliminated  to  insure  good  rolling 
qualities  and  steel  free  from  inclusions  of  slag-like 
particles  and  gas  pockets  called  "  blowholes." 

This  dcoxidation  is  accomplished  by  adding  ele- 
ments which  have  a  greater  affinity  for  oxygen  than 
iron,  such  as  silicon,  manganese,  and  aluminum.  A 
certain  percentage  of  manganese  is  almost  invariably 
specified  in  finished  steel,  depending  upon  the  grade. 
It  will,  however,  in  all  grades  average  probably  0.50 
per  cent.  Silicon  in  all  grades  will  average  between 
0.15  and  0.20  per  cent. 

Manganese  is  always  added  in  the  form  of  ferro- 
manganese,  but  the  method  of  making  the  addition 
varies  in  different  plants;  one  of  the  following,  how- 
ever, is  usually  employed: 

1.  I 'art  in  the  furnace  before  tapping  and  part  in 
the  ladle  while  tapping. 

2.  All  added  in  the  ladlt-  while  tapping. 

3.  All  added  in  the  furnace  just  before  tapping. 

4.  Added  in  the  form  of  molten  manganiferous  pig 
iron  containing  5  per  cent,  to  7  per  cent,  manganese. 
This  addition  is  made  in  the  ladle  while  tapping. 

The  manganese  may  be  cold,  and  broken  into  small 
lumps,  or  it  may  be  molten. 

Silicon,  in  the  form  of  ferro-silicon,  is  almost  in- 
variably added  in  the  ladle. 

Aluminum,  if  used  at  all,  is  added  in  the  ladle  or  in 
very  small  particles,  while  the  steel  is  being  teemed 


into  molds.  For  the  highest  grade  steels  aluminum 
is  considered  by  many  as  an  injurious  element  and  its 
use  is  very  much  restricted,  although  its  deoxidizing 
power  is  over  fifty  times  that  of  manganese. 

The  deoxidizing  period  of  the  basic  open  hearth 
process,  therefore,  begins  within  a  few  minutes  before 
tapping,  or  during  tapping  into  the  ladle.  This  is 
necessarily  so  because  of  the  continuous  oxidizing  in- 
fluence of  the  furnace,  and  the  basic  oxidizing  condition 
of  the  slag.  This  oxidizing  is  not  only  incomplete  but 
the  oxides  of  the  deoxidizing  elements  are  held  in  sus- 
pension in  the  steel  and  are  frequently  found  in  the 
finished  steel  product,  not  having  had  sufficient  time 
to  separate  from  the  molten  steel  after  forming. 

ELECTRIC  FURNACE 

The  Klcctrio  Furnace  process  is  divided  into  two 
distinct  parts: 

1.  The  oxidizing  period. 

2.  The  reducing  period. 


The  function  of  the  oxidizing  period  is  to  secure 
exactly  the  results  obtained  by  the  open  hearth  proc- 
ess up  to  the  time  of  rccarburizing.  The  operations 
vary  from  those  of  the  o|>en  hearth  in  two  ways  : 

.1.  Oxidation  must  be  secured  almost  entirely  from 
ore,  or  rust  on  the  materials  charged.  As  mentioned 
before,  oxygen  is  not  available  from  the  fuel,  and  must 
therefore  be  added  in  some  other  form.  If  materials 
free  from  oxides  are  charged  into  an  electric  furnace 
and  melted,  the  reduction  of  carbon,  manganese,  phos- 
phorus, and  other  elements  requiring  oxygen  for  their 
removal  will  be  but  slight. 

li.  The  other  distinct  variation  is  in  the  required 
charge,  l'ig  iron  is  not  a  necessity,  because  any  de- 
sired temperature  may  be  reached,  and  oxidation  is 
hut  slight.  This  permits  of  a  charge  of  100  per  cent, 
scrap  if  desired,  and,  because  of  a  low  content  of  sili- 
con, a  comparatively  small  slag  volume. 

With  these  two  exceptions,  the  operation  of  the 
tirst  period  is  identical  with  that  of  the  open  hearth. 
When  the  desired  removal  of  oxidized  elements  has 
been  obtained,  the  highly  oxidized  slag  which  is  hold- 
ing these  elements  is  scraped  out  of  the  furnace,  leav- 
ing the  metal  bare.  This  ends  the  first  period  of  the 
process. 

REDUCING  PERIOD 

As  soon  as  the  first  oxidized  slag  is  removed,  ma- 
terials are  charged  into  the  furnace  for  producing  a 
second  slag.  The  chief  functions  of  this  second  slag 
are,  directly,  for  the  removal  of  sulphur,  and  indirectly 
to  blanket  the  steel  and  protect  it  from  absorbing  car- 
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boil  from  the  carbonaceous  material  used  to  secure  the 
reducing  atmosphere.  This  slag  should  he  as  basic 
as  possible  and  still  be  of  the  right  degree  of  fluidity. 
Such  a  slag  is  made  up  of  a  mixture  of  lime,  fluorspar, 
and  sand  in  proportions  which  will  produce  a  mix- 
ture of  25  per  cent,  silicon  and  65  per  cent,  to  70  per 
cent,  lime,  the  balance  being  such  impurities  of  the 
materials  as  manganese,  aluminum,  etc. 

As  soon  as  this  slag  is  melted,  carbonaceous  ma- 
terials such  as  coke,  anthracite  or  bituminous  coal,  or 
some  form  of  carbon,  is  scattered  over  the  surface.  In 
I  the  period  during  which  the  slag  is  melting,  a  certain 
amount  of  oxidation  takes  place  due  to  the  air  leaks  in 
the  furnace,  and  the  slag  is  colored  black  or  brown  by 
these  oxides.  W  hen  the  carbon  is  added,  however, 
the  oxidation  is  ended,  for  w  hat  oxygen  enters  the  fur- 
nace will  combine  with  carbon  in  preference  to  iron 
or  mangane-e.  The  same  holds  true  of  oxides  which 
may  be  present  in  the  slag.  Iron,  manganese,  phos- 
phorus, tungsten,  chromium,  and  vanadium  oxides. 
the}'  are  present  in  the  slag  at  this  stage,  will  be  re- 
duced to  their  metallic  state,  and  in  this  condition,  be- 
ing unable  to  act  as  either  bases  or  acids,  will  return 
to  the  steel.  Iron  or  manganese  oxides  existing  in  the 
steel  in  suspension  or  solution  will  rise  to  the  surface 
and  undergo  the  same  reduction  process,  their  oxygen 
going  off  as  a  gas  and  the  metal  returning  to  the  bath. 
This  reducing  action  is  so  strong  that  silicon,  which 
is  probably  the  strongest  acid  element  commonly  em- 
ployed, may  be  added  through  a  strongly  basic  slag 
without  loss  of  any  appreciable  percentage  of  the  addi- 
tion. If  the  temperature  of  the  slag  is  sufficiently 
high,  the  silica,  w  hich  was  added  as  sand,  w  ill  be  par- 
tially reduced,  probably  directly  under  the  arc,  and 
silicon  will  enter  the  steel.  I  have  been  told  that 
analyses  directly  under  the  slag  have  shown  metal 
containing  as  high  as  2.00  per  cent,  silicon  in  steel  to 
which  no  metallic  silicon  was  added.  At  the  tempera- 
tures attained  under  these  conditions  some  I  a(  >  or 
time  is  dissociated,  and  CaC.  is  formed.  This  is  evi- 
denced by  the  strong  odor  of  acetylene  produced  In- 
placing  this  slag  in  w  ater. 

Sulphur  is  removed  from  steel  by  this  strongly 
basic  slag  at  high  temperature  probably  in  the  form  of 
L'alcin  Sulphide  (L'aS).  This  reaction  increases  with 
temperature  and  makes  it  possible  to  reduce  sulphur 
to  a  minimum,  a  feature  which  is  not  possible  by  any 
other  steel  process. 

The  progress  of  this  reducing  period  is  readily  ob- 
served by  the  appearance  of  samples  of  the  slag  when 
cooled.  Oxides,  other  than  silica  and  lime,  color  the 
slag,  a  very  small  percentage  being  sufficient  to  make- 
it  black,  brown  or  green.    As  the  reduction  proceed-, 
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the  slag  changes  from  black  to  brown,  and  if  chro- 
mium is  present,  to  green,  and  finally  to  white,  when 
free  from  oxides.  When  white  it  no  longer  has  the 
bonding  power  of  the  oxides  to  hold  it  together  when 
cooled,  and  quickly  crumbles  to  a  powder  in  the  air. 

When  this  condition  is  secured,  the  final  additions 
of  alloys  are  made,  without  loss  of  any,  and  when  the 
temperature  is  correct  the  steel  is  tapped  and  poured. 

The  four  samples  of  slag  from  one  heat  readily  illus- 
trate the  changes  I  have  described: 

No.  1  is  the  oxidizing  slag  containing  iron  man- 
ganese and  phosphorus  oxides.  This  slag  was  skimmed 
off  at  the  end  of  the  oxidizing  period. 

No.  2  was  taken  thirty  minutes  after  adding  ma- 
terials for  the  second  slag. 

No.  3  was  taken  forty  minutes  after  the  second. 

No.  4  was  taken  twenty  minutes  after  No.  3,  and 
after  all  additions  had  been  made  to  the  steel. 

The  analyses  of  these  slags  arc  as  follows : 


Sit)i 

FiO 

MnO 

PiO, 

r»o 

MgO 

S 

No.  1  I7.4S 
N<.  2  2S05 
No.  .t  26.82 
N.i.  4  2S.70 

16..U 
|.« 
0.76 
0.52 

<>.02 

1.IK> 
0  70 

0.6X 

1.9S 
IMS 

0..?7 
0.28 

48.4<J 
Vs.  ]7 
60.04 
58,0 

6.S6 

v.w 

8.5J 

071 

o.so 

The  analysis  of  the  final  slag,  1  believe,  is  more  free 
from  oxides  than  the  analysis  would  show,  for  any 
minute  particles  of  metallic  iron  or  manganese  held  in 
suspension  in  the  slag  would  be  reported  by  the  chem- 
ist as  oxides  of  those  elements. 


DUPLEX  AHD  TRIPLEX  PROCESSES 

The  Electric  Furnace  process  as  described  is  the 
one  in  common  practice,  but  variations,  of  course,  arc 
numerous,  depending  upon  materials  and  equipment 
available.  The  most  notable  variations  are  those  de- 
signed to  produce  greater  tonnage  at  less  cost,  and 
are  known  as  the  "  Duplex  "  and  "  Triplex  "  processes. 

The  Duplex  process  consists  of  melting  a  charge  of 
pig  iron  and  scrap  in  an  open  hearth  furnace,  prefer- 
ably of  the  tilting  type,  accomplishing  the  necessary 
oxidation  in  this  furnace,  then  transferring  the  molten 
steel  to  an  electric  furnace  and  subjecting  it  only  to 
the  reducing  period. 

The  Triplex  process  is  carried  out  with  molten 
iron,  first  removing  carbon,  manganese,  and  silicon  in 
an  acid  bessemer  converter,  transferring  it  to  a  bas:c 
open  hearth  and  thence  to  the  electric  furnace  for  the 
final,  or  reduction  stage. 

Both  of  these  processes  will  reduce  the  time  of  mak- 
ing an  electric  furnace  heat  to  about  one-third  of  that 
required  where  cold  scrap  is  charged.  This  is  no  doubt 
the  most  economical  procedure  where  the  differential 
in  price  between  pig  iron  and  scrap  is  not  excessive, 
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or  where  coal,  gas  or  oil  fuel  is  cheaper  than  electric 
fuel.  In  the  steel-making  districts  of  the  country  elec- 
tricity for  melting  scrap  will  not.  in  normal  times,  offset 
the  entire  cost  of  materials  necessary  when  using  other 
fuel.  Similarly,  the  open  hearth,  as  an  oxidation  proc- 
ess, is  more  economical  than  an  electric  furnace.  It 
therefore  follows  that,  to  employ  the  electric  furnace 
for  only  the  one  operation  which  cannot  be  obtained 
in  any  other  steel-making  process  is  the  economical 
procedure,  until  the  conditions  of  our  immediate  future 
change. 

COHCLUSIOH 

Iii  drawing  a  comparison  between  metallurgical 
features  of  the  electric  furnace  process  of  making  steel 
compared  to  the  open  hearth  and  crucible  we  find  the 
following: 

1.  All  functions  of  the  open  hearth  arc  readily  ob- 
tained in  an  electric  furnace. 

2.  The  basic  principles  of  the  crucible  process  may 
be  secured  in  an  electric  furnace. 

3.  The  open  hearth  cannot  secure  the  deoxidizing 
and  desulphurizing  conditions  of  an  electric  furnace. 

4.  The  loss  through  oxidation  of  iron  and  alloys 
is  greater  in  the  open  hearth. 

5.  Materials  for  a  crucible  charge  must  be  high 
grade,  analyzed  materials,  whereas  an  electric  furnace 
charge  needs  only  to  be  ordinary  commercial  materials. 

6.  Sulphur,  phosphorus  and  manganese  cannot  be 
reduced  in  the  crucible,  but  arc  readily  removed  in  an 
electric  furnace. 

7.  Temperatures  in  excess  of  the  open  hearth  and 
crucible  processes  are  easily  secured  on  the  electric 
furnace. 

It  is  therefore  possible  in  electric  furnaces  to  start 
with  materials  of  an  inferior  grade  and  produce  steel 
of  a  quality  equal  to  that  of  the  crucible  process.  Every 
metallurgical  feature  of  both  open  hearth  and  crucible 
processes  is  easily  obtained.  It  must,  however,  be  un- 
derstood that  in  producing  steel  from  an  electric  fur- 
nace the  desirable  metallurgical  features  must  be  intro- 
duced. The  fuct  that  steel  is  made  in  electric  furnaces 
is  not  an  indication  that  it  is  of  crucible  quality.  Quan- 
tities of  steel  to-day  are  being  made  in  electric  furnaces 
but  by  the  open  hearth  process,  and  still  greater  quan- 
tities are  being  produced  according  to  the  metallur- 
gical chemistry  outlined  but  without  regard  to  physi- 
cal metallurgy.  That  valuable  asset  of  electric  fur- 
naces, unlimited  temperature,  can  ruin  their  product 
if  not  properly  used.  What  immediate  effect  this  and 
the  present  large  percentage  of  electric-furnace  steel 
going  into  so-called  commercial  work  will  have  on  the 
future  production  of  small  castings  and  high-grade 
alloy  and  tool  steels  it  is  impossible  to  estimate,  but 
eventually,  it  must  be  the  furnace  for  high-grade  steel 
production,  because  metallurgical!)-  and  economically 
the  principles  more  nearly  approach  the  ideal  require- 
ments of  the  metallurgist  than  any  in  use  to-day. 
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THE  PORT  OF  PHILADELPHIA* 

Bj  GEORCE  S.  WEBSTER 
Director,  Department  of  Wbarre*,  Docks  and  Ferries 

THE  great  world  war  has  demonstrated  the  total 
inadequacy  of  our  transportation  systems  and 
the  necessity  of  expanding  and  modernizing  the 
terminal  facilities  both  on  land  and  water. 

When  America  entered  the  war,  large  contracts 
were  entered  into  by  the  Government  for  the  manufac- 
ture of  ordnance  and  army  supplies  and  the  material 
was  being  rapidly  accumulated  without  adequate  facili- 
ties for  storage  while  awaiting  shipment ;  and  it  soon 
became  evident  that  many  of  our  ports  lacked  the  nec- 
essary terminal  facilities  required  for  this  extraordinary 
demand.  A  Committee  of  Engineers  was  appointed 
under  the  Council  of  National  Defence,  and  studies 
were  made  of  the  conditions  of  all  the  ports  along  the 
Atlantic  seaboard  and  the  possibilities  which  they  of- 
fered for  immediate  expansion  and  development.  Ex- 
tensive additions  were  authorized,  their  construction 
commenced  under  Government  supervision,  and  the 
existing  facilities  owned  and  controlled  by  states  and 
municipalities  were  immediately  requisitioned  and 
brought  into  service.  Even  these  failed  to  meet  the 
emergency  conditions;  but  they  did  emphasize  the  ne- 
cessity for  greater  development  of  the  ports  in  this 
country. 

We  will,  however,  confine  our  remarks  at  this  time 
to  the  important  part  which  the  port  of  Philadelphia 
has  taken,  and  is  capable  of  still  further  taking,  in  the 
problems  of  oversea  shipments. 

When  we  speak  of  the  port  of  Philadelphia,  we  must 
understand  the  term  as  applicable  to  that  territory 
extending  along  both  banks  of  the  Delaware  River 
from  tidewater  at  Trenton  to  the  state  boundary  line 
at  Marcus  Hook — this  including  metropolitan  Phila- 
delphia and  embracing  many  smaller  towns  adjacent 
thereto  which  are  contributing  parts  of  this  industrial 
centre. 

The  port  of  Philadelphia  is  administered  by  two  de- 
partments— one,  the  Department  of  Wharves,  Docks 
and  Ferries  of  the  city  of  Philadelphia,  which  has  juris- 
diction of  the  waterfront  and  supervises  the  building, 
extension,  maintenance  and  use  of  all  wharves,  piers, 
bulkheads  and  other  harbor  structures  within  the  city 
limits;  the  other,  the  Hoard  of  Commissioners  of  Navi- 
gation, a  state  body,  which  has  jurisdiction  over  the 
waterfront  within  the  limits  of  the  state  of  Pennsyl- 
vania and  outside  the  city  of  Philadelphia,  with  power 
to  make  regulations  governing  the  stationing  and  an- 
choring of  ships  and  vessels  within  the  entire  limits 
of  the  port,  to  perform  the  functions  of  harbor  master, 
to  license  and  regulate  Pennsylvania  pilots,  etc. 

•  Tuesday  luncheon,  November  19,  1918.  at  the  EnRineer*" 
Club. 
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THE     PORT     OF  PHILADELPHIA 


Ports  arc  in  competition  for  trade  as  actively  as 
firms  and  individuals  engaged  in  business  enterprises, 
and  it  is  essential  to  present  their  advantages  to  the 
commercial  and  shipping  interests  in  order  to  secure 
the  fullest  cooperation  and  support ;  and  the  ports 
which  show  economic  superiority  in  the  conduct  of 
trade  are  the  ones  which  will  profit  most. 

While  the  port  of  New  York  is  located  near  the 
ocean  and  possesses  certain  advantages  for  passenger 
traffic,  the  port  of  Philadelphia,  located  on  the  Dela- 
ware and  Schuylkill  Rivers,  presents  superior  advan- 
tages for  the  shipment  of  manufactured  products 
abroad.  Its  location  is  in  the  centre  of  a  district  rich 
in  natural  resources,  and  it  is  the  logical  outlet,  geo- 
graphically, for  a  vast  territory  to  the  westward.  These 
conditions  have  given  it  supremacy  as  a  centre  of  di- 
versified manufacture,  and  unquestioned  leadership  in 
sonic  of  the  most  important  productive  activities  of  the 
nation. 

The  war  with  Germany  emphasized  the  value  of 
Philadelphia  as  an  economic  industrial  centre,  with  ex- 
ceptional opportunities  for  still  further  expansion  and 
development.  Owing  to  the  opportunities  at  hand  in 
and  about  this  city,  many  large  industries  engaged  in 
every  branch  of  war  work  found  the  conditions  so  en- 
tirely satisfactory  that  they  sought  this  locality.  As 
rcsidt,  the  various  War  Boards  at  Washington  found 
it  necessary  to  discourage  the  establishment  of  new 
industries,  because  of  the  lack  of  adequate  railroad 
transportation  to  carry  the  necessary  raw  materials  and 
other  supplies,  and  also  the  absence  of  housing  accom- 
modations for  the  skilled  mechanics  and  laborers  re- 
quired at  these  industries. 

To  emphasize  this  statement,  I  have  but  to  refjr 
to  the  great  growth  in  the  shipbuilding  industry  along 
the  Delaware  River  front.  Existing  plants  were  en- 
larged and  new  plants  established,  so  that  at  the  pres- 
ent time  we  have  along  the  banks  of  the  Delaware  River 
eleven  large  shipyards,  containing  about  140  shipways 
and  employing  more  than  100.000  persons ;  and  in  these 
yards  it  is  claimed  that  over  40  per  cent,  of  the  ships 
now  being  built  for  our  merchant  marine  will  be  con- 
structed. 

John  C.  Jones,  Chief  of  Ordnance  for  the  District 
of  Philadelphia,  in  a  recent  newspaper  interview,  re- 
ported that  50  per  cent,  of  the  entire  output  of  the 
Ordnance  Department  is  manufactured  in  this  dis- 
trict and  that  more  than  a  thousand  manufacturers  in 
almost  as  many  different  lines,  hold  Government  con- 
tracts in  the  metropolitan  area  of  Philadelphia. 

With  the  Philadelphia  district's  enormous  produc- 
tion of  goods  for  oversea  shipment,  it  would  appear  a 
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wise  and  economical  course  to  ship  them  through  this 
port.  Both  the  Delaware  and  Schuylkill  Rivers  offer 
splendid  facilities  for  handling  all  these  products.  The 
channel  of  the  Delaware  River  is  thirty  feet  deep  at 
low  tide,  and  the  United  States  Government  is  work- 
ing upon  a  project  which  is  50  per  cent,  completed,  and 
which,  when  finished,  will  secure  a  depth  of  thirty-five 
feet.  The  Schuylkill  River  is  now  being  improved  by 
the  United  States  Government  also,  so  that  it  will 
shortly  have  a  channel  twenty-six  feet  deep.  These 
rivers  are  easily  navigable,  both  day  and  night,  for 
the  largest  freight  carriers  engaged  in  transatlantic 
business. 

There  are  three  trunk  railroads  entering  the  city 
with  facilities  for  directly  reaching  the  waterfront  and 
discharging  cargoes  direct  from  pier  to  vessel,  thus 
eliminating  the  expense  of  all  lighterage  charges  in  this 
port.  Provision  has  also  been  made  by  the  construc- 
tion of  a  great  commercial  avenue  along  the  riverfront 
for  reaching  the  piers  direct  from  all  sections  with 
motor  trucks ;  and  to  connect  the  water  and  rail  trans- 
portation systems,  there  arc  available  a  number  of 
large  municipal,  railroad,  and  privately-owned  piers. 
Those  piers  recently  constructed  by  the  city  are  gen- 
erally of  the  two-deck  type,  built  of  reinforced  con- 
crete, and  equipped  with  the  most  modern  appliances 
for  the  rapid  handling  of  freight. 

Realizing  that  those  ports  which  were  the  best 
equipped  to  handle  commerce  would  be  likely  to  secure 
the  future  trade  of  the  country,  the  city  of  Philadel- 
phia, early  in  1914,  entered  upon  a  comprehensive  plan 
for  the  development  of  its  waterfront  through  an  agree- 
ment with  the  railroad  companies,  which  calls  for  the 
abolishment  of  grade  crossings  in  South  Philadelphia; 
provides  for  the  extension  of  the  belt-line  railroad 
system  around  the  southern  section  of  the  city ;  and  the 
construction  of  two  large  terminal  car  storage  and 

classification  yards  involving  in  all  an  expenditure  of 

upwards  of  twenty-four  million  dollars.  In  further- 
ance of  this  plan,  the  Councils  of  the  city  authorized 
the  creation  of  a  loan  of  ten  million  dollars  for  the 
erection  of  a  number  of  large  piers  in  South  Philadel- 
phia. The  work  upon  the  construction  of  these  piers 
has  already  been  commenced,  and  the  first  of  them — 
in  the  Moyamensing  group — known  as  McKcan  Street 
Pier,  said  to  be  one  of  the  finest  piers  on  the  Atlantic 
coast,  has  been  completed  and  is  ready  for  service. 

Also,  a  modern  pier  is  approaching  completion  at 
the  foot  of  Cherry  street,  north  Delaware  River,  which 
is  so  designed  that  it  may  be  used  either  for  transat- 
lantic or  coastwise  traffic. 

The  construction  of  other  piers  by  the  city — the 
plans  for  which  were  prepared  and  bids  advertised  for 
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THIS  IS  THE  THIRD  OF  THE  10  GOOD  REASONS 


Reduction 
of  Friction 


OUR  consulting  engineer 
was  called  to  a  power 
plant  where  the  engine  was  not 
considered  large  enough  to  do 
the  work  required.  After  suhstituting  Keystone 
Grease  for  the  lubricant  then  used,  the  general 
friction  load  was  reduced  25%  and  the  power 
formerly  wasted  was  turned  to  useful  work. 

This  is  only  one  of  the  many  instances  which  prove  the 
remarkable  reduction  in  friction  made  possible  by  the  use  of 

KEYSTONE  GREASE 

In  addition  to  the  reduction  in  friction,  the  cost  of  lubrication  was  con- 
siderably lowered — the  attention  required  was  reduced  to  practically 
nothing,  and  the  expense  of  a  new  and  larger  engine  previously  contem- 
plated was  unnecessary. 

This  reduction  of  friction  is  a  mighty  good 
reason  for  adopting  Keystone  Grease  and  the 
Keystone  Venango  Gravity  Grease  Systems,  but 
the  other  reasons  are  equally  important.  See 
reason  number  four  in  the  next  issue — and  write 
for  our  new  booklet— "Ten  Good  Reasons  for 
Using  Keystone  Grease." 

The  Keystone  Lubricating  Company 

Executive  Office  and  Work* : 

PHILADELPHIA,  PA. 


New  York  Executive  Office  and  Work* :  St.  Louis 

Bo.ton  PHILADELPHIA,  PA.  lnT™«.co 

Pitt.burgh  Minneapoli. 
Chicago  1M4  Hou.ton 

Gnaeral  Office  and  Werchou.e  for  Craal  Britain ;   Mancbaator.  Enrtand. 
Continental  Europe. r,  Off ire.     ManeilL.,  Franca.    Waal  Indian  Office.:   Havana.  Cuba. 
Halifax.  Nova  Scotia. 

India:  Calcutta.  Bombay.  Italy  I  Turin.  Jamaica:  Kinoton 

Norway  I  (>.r,.i,.,., .  Ksrpt  :  Cairo. 
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— was  delayed,  owing  to  war  conditions,  the  authori- 
ties at  Washington  deeming  it  wise  to  utilize  in  the 
emergency  all  available  material  (or  work  directly  con- 
nected with  the  war  program,  including  the  piers  now 
under  construction  on  Government-owned  property. 
Therefore  the  city's  project  was  not  pushed  in  com- 
petition with  the  Government's  demand  for  materials. 

Now  that  the  war  is  drawing  to  a  close,  and  the 
demands  for  the  readjustment  period  are  claiming  at- 
tention, it  is  the  purpose  of  the  city  to  proceed  with  its 
program  of  construction,  it  being  confidently  expected 
that  the  commercial  development  of  the  country  will 
require  these  increased  facilities.  As  the  Government 
is  building  a  great  merchant  marine,  it  is  essential  that 
there  shall  be  adequate  port  and  terminal  facilities  to 
meet  the  demand  for  this  shipping.  We  therefore  ex- 
pect to  place  under  contract  the  pier  at  Kenilworth 
street,  which  is  located  in  the  centre  of  the  city,  in  a 
section  that  will  make  it  especially  available  for  over- 
sea shipments ;  as  welt  as  a  number  of  the  piers  in  the 
Muyamcnsing  group,  near  Greenwich  Point,  in  the 
southern  section  of  the  city. 

We  fully  appreciate  the  fact  that  the  mere  construc- 
tion of  facilities  will  not  bring  trade  to  the  port,  but 
that,  in  order  to  secure  results.  \vc  must  have  the  co- 
operation of  the  manufacturer  and  the  shipper:  and  it 
has  been  the  earnest  effort  of  the  Department  of 
Wharves,  Docks,  and  I'erries  to  point  out,  not  only  to 
our  citizens  but  to  the  whole  country  tributary  to  this 
port,  the  advantages  which  we  possess,  and  the  benefits 
which  will  accrue  through  united  action  in  utilizing 
these  facilities. 

We  are  confident  that,  with  proper  civic  courage 
and  a  faith  in  the  future  of  this  port,  we  can  secure 
greater  railroad  cooperation  and  that  the  functions  for 
which  the  Melt  Line  Uailroad  was  created  can  be 
brought  into  fuller  use. 

It  has  been  suggested  that  the  city  should  take  over 
the  Hog  Island  shipyard,  and  establish  a  great  terminal 
at  that  point.  As  the  officials  of  the  United  States 
Shipping  Hoard  have  recently  declared  that  it  is  the 
purpose  of  the  Government  to  continue  the  shipbuild- 
ing program  for  a  number  of  years,  this  yard  will  be  an 
essential  in  that  program,  and  the  suggestion  that  it 
be  taken  over  for  a  port  terminal  seems  a  little  prema- 
ture at  this  time  in  the  absence  of  any  definite  proposi- 
tion ;  especially  as  this  territory  is  not  at  present  within 
the  city  limits,  and  inasmuch  as  the  city  now  owns  suffi- 
cient waterfront  upon  which  to  build  a  large  number 
of  modern  piers  to  carry  out  a  policy  of  port  expansion 
which  has  been  carefully  .mapped  out  and  agreed  upon. 
If,  in  the  wisdom  of  Congress,  at  a  future  time  it  is 
found  desirable,  in  readjusting  the  tariff  regulations  in 
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tins  country,  to  establish  free  ports  at  any  of  the  Atlan- 
tic coast  cities,  this  site  might  lend  itself  admirably  to 
the  proposition. 

The  United  States  Government,  in  carrying  out  its 
policy  for  the  future,  has  purchased  in  the  southern 
part  of  the  city  a  tract  of  ground  upon  which  it  is  now- 
constructing  two  large  piers  for  the  accumulation  of 
cargo  for  oversea  shipments.  They  are  to  be  used  by 
the  Quartermaster  Department.  These  piers  are  of 
such  size  as  to  deserve  special  mention  at  this  time, 
one  being  290  feet  wide  by  1500  feet  long  and  the  other 
290  feet  wide  by  1340  feet  long:  both  of  the  three-deck 
type  and  having  railroad  tracks  extending  out  the 
entire  length  of  the  deck.  Both  piers  will  be  equipped 
with  the  latest  mechanical  appliances  for  the  rapid 
handling  of  cargo.  Immediately  back  of  these  piers  it 
is  the  intention  to  erect  storehouses,  and  a  large  freight- 
car  classification  yard,  which  will  permit  of  the  rapid 
replenishment  of  cars  on  the  piers  during  the  time  of 
loading  and  unloading  of  vessels.  We  understand  it 
is  the  purpose  of  the  Government  to  continue  the  own- 
ership of  this  property,  but  after  the  war  emergency 
has  passed,  to  lease  it  for  commercial  uses. 

During  the  war  all  of  the  steamships  of  the  country 
were  taken  over  by  the  Government,  and  the  estab- 
lished lines,  therefore,  suspended  regular  operations; 
and  the  municipal  piers  from  which  some  of  the  lines 
operated  were  taken  over  by  the  Government  for  its 
purposes.  Upon  return  to  normal  conditions,  it  is  ex- 
pected that  these  lines  will  be  reestablished,  and  that 
new  lines  will  seek  facilities.  Already  we  are  receiv- 
ing inquiries  from  steamship  lines  who  are  planning 
for  the  future  and  are  looking  to  this  port  as  the  most 
advantageous  place  at  which  to  establish  terminals. 
To  meet  these  demands,  it  is  our  intention  to  utilize 
the  existing  piers  so  far  as  possible  and  to  proceed  rap- 
idly with  the  construction  of  additional  piers  for  the 
increased  business  which  we  hope  will  locate  here,  for 
it  is  certain  that  if  we  do  not  have  the  facilities  ready  to 
offer  we  cannot  hope  to  secure  the  trade;  and  we  are 
convinced  that  in  order  to  secure  an  increased  growth 
of  commerce  it  is  essential  that  we  shall  keep  our  facili- 
ties, if  anything,  ahead  of  the  immediate  demands. 

We  sincerely  trust  that  we  may  be  able  to  arouse 
our  citizens  to  the  opportunities  which  lie  at  their  door, 
and  to  secure  their  enthusiastic  support  in  building 
up  the  business,  for  we  are  a  great  manufacturing  cen- 
tre and  must  depend  on  outside  markets  for  many  of 
the  productions  which  are  in  excess  of  the  needs  of  our 
own  country.  If  our  city  is  to  continue  to  grow  and  its 
industrial  population  kept  continually  employed,  there 
must  be  no  slackening  of  our  industries,  and  ample 
markets  must  be  obtained. 
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'  Eliminate  Belt  Slippage 
So  Far  As  Possible." 

I/.  S,  Fuel  Administration 

'you  can  cut  belt  slippage  to  a  minimum  by 
using  VIM  the  belt  that  puts  the  pull  in  the 
pulley." 

-E.  F.  Houghton  &  Co. 


wm 


The  Test  that  proves  the  pulling 
power  of  VIM  Leather  Belt 


i 


You  can  ijiiickly  determine  if  you  arc  complying  with 
the  Fuel  Administration's  r<  (piest  regarding  belt  slippage. 
Send  fur  a  free  sample  of  VIM  Feather  Felt.  Take  this 
piece  of  VIM  and  a  piece  of  the  leather  I  elting  you  are 
now  using,  slide  each  piece,  giuin  side  down,  over  a  desk 
or  smooth  table  h.p  and  just  l.-i  your  own  senses  tell 
you  which  pulls  most. 

Write  today  for  your  test  inn  sampleof  VIM  Leather  Helt. 

E.  F.  Houghton  &  Company 

Puhli.hert  of  TIIK  HOUGHTON  LINE 

Third  and  Somerset  Sts.,  Philadelphia,  U.  S.  A. 
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THE  AMERICAN  MERCHANT  MARINE* 

By  LIEUT.  COMMANDER  STEVENSON,  U.S.N.R.F. 
President  of  the  Solely  of  Naval  Architect,  and  Marine  Engineer* 

TBI  WORLD'S  SKIPFIHO  TOHRAGE 

THE  entire  merchant  tonnage  of  the  world  in  1916 
did  not  exceed  50  million  gross  tons.  Of  this  there 
has  certainly  Wen  destroyed  by  submarines  and 
casualties  not  less  than  14  million  gross  tons,  leaving  of 
the  original  quantity  not  over  36  million  gross  tons.  Dur- 
ing 1917  and  1918  there  will  have  been  built  at  most  5 
million  gross  tons,  making  a  total  available  tonnage  of  only 
41  million  gro^s  tons.  Following  the  normal  increase  per 
annum  there  should  be  available  at  the  beginning  of 
1919  at  least  55  million  gross  tons.  From  this  statement 
it  appears  that  there  will  be,  at  the  close  of  the  year  1918, 
a  deficit  of  at  least  14  million  gross  tons,  without  taking 
note  of  the  depreciation  and  repairs  which  the  excessive 
hard  usage  of  ships  during  the  war  will  have  made 
necessary. 

It  is  not  intended  that  these  figures  shall  be  consid- 
ered exact,  but  they  are  sufficiently  so  to  demonstrate 
the  great  necessity  still  existing  for  ships;  and  further  to 
show  that  our  own  shipyards  must  still  be  urged  to  their 
utmost  capacity  in  order  that  the  now  important  Ameri- 
can merchant  marine  shall  be  upheld  in  the  future. 

AMERICA*  SHIPYARD  PRODTJCTIOH 

In  the  year  ending  June  30,  1908,  the  entire  production 
of  our  shipyards  was  614,000  gross  tons,  the  greatest 
previous  to  1915;  but  in  the  year  ending  June  30,  1915. 
the  production  fell  to  225,000  gross  tons,  the  smallest 
output  in  seventeen  years.  In  1916,  there  came  an  enor- 
mous demand  for  ships,  not  only  from  our  own  citizens 
but  from  foreigners  as  well. 

When  the  United  States  entered  the  war  in  April, 
1917,  it  became  apparent  that  there  was  hardly  a  more 
important  element  for  winning  the  war  than  ships,  and 
the  United  States  Government,  through  the  agencies  of 
its  Shipping  Board  and  Emergency  Fleet  Corporation, 
immediately  proceeded  to  encourage  the  building  of  many 
new  yards  as  well  as  the  enlarging  of  the  old  yards,  with 
the  result  that  there  are  now  about  200  shipyards,  instead 
of  66  as  in  November.  1916. 

During  1917  there  was  an  output  of  800,000  gross  tons 
and  the  output  for  1918  will  apparently  be  about  two  mil- 
l;on  gross  tons  actually  delivered  and  officially  numbered. 
The  increase  in  our  registered  shipping  during  the  fiscal 
year  ending  June  30,  1918.  was  1,053,481  gross  tons,  more 
than  double  that  of  any  previous  year  and  something 
over  the  total  increases  for  the  first  three  years  of  the  war 
combined.  At  the  end  of  this  year  there  will  be  over 
ten  million  gross  tons  of  shipping  under  the  American 
flag,  or  nearly  double  the  amount  of  three  years  ago. 

*  Extract  from  Presidential  address  at  the  annual  convention 
of  the  Society  of  Naval  Architects  and  Marine  Engineers,  held 
in  the  Wirherspoon  Building.  Philadelphia.  November  14-15.  1918. 
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HEW  METHODS 

The  demands  u|>on  our  facilities  for  furnishing  the 
usual  materials  for  ships  and  the  lack  of  men  capable  of 
building  ships  in  the  usual  manner  combined  with  the 
extraordinary  need  of  ships,  and  more  ships,  to  carry  on 
the  war  has  led  to  experimenting  in  building  large  vessels 
of  other  than  the  usual  wood  and  steel  materials. 

The  successful  use  abroad  of  moderate  sized  boats 
built  of  concrete  reinforced  with  steel  has  led  us  to  go 
much  further,  resulting  in  the  building  of  the  "  Faith,"  a 
concrete  ship  of  about  3.000  gross  tons,  and  placing  by 
the  Emergency  Meet  Corporation  of  contracts  for  42 
concrete  ships  totalling  about  200,000  gross  tons. 

The  details,  advantages  and  disadvantages  of  building 
reinforced  concrete  ships  have  received  a  great  deal  of 
attention  from  the  officials  of  the  Emergency  Fleet  Cor- 
poration, and  it  is  fair  to  presume  that  their  investigation 
has  warranted  the  contracting  for  four  ships  of  this  class 
of  about  2,500  gross  tons  and  38  ships  of  about  5,000 
gross  tons  each. 

This  same  question  has  been  aL>o  under  examination 
and  discussion  in  Great  Britain  and  naturally  personal  de- 
signs and  views  differ  materially.  Having  had  no  experi- 
ence in  concrete  construction  and  noting  the  different  pro- 
portions of  steel  in  several  designs  and  acknowledged  con- 
trasts in  carrying  capacity  and  speed  with  like  power,  I 
feel  that  the  concrete  sea-going  ship  is  still  an  experiment 
and  that  it  is  quite  possible  that  the  emergency  which  pro- 
motes the  building  of  these  ships  will  have  vanished  be- 
fore those  contracted  for  will  have  performed  much  ser- 
vice. I  note  with  pleasure  that  there  will  be  presented 
at  this  meeting  a  paper  from  an  authority  on  the  subject, 
one  who  has  carefully  studied  the  whole  subject  tech- 
nically and  practically. 

Another  novelty  even  more  novel  than  the  concrete 
ship  is  the  proposed  electrically  welded  ship  which  has 
now  been  under  consideration  for  several  months.  There 
has  been  a  vessel  (perhaps  more  than  one)  manufactured 
on  this  plan  in  Great  Britain,  but  the  barge  is  so  small 
that  nothing  is  proved  so  far  as  the  building  of  ocean- 
going ships  is  concerned.  Electric  welding  certainly  has 
proved  successful  in  many  places  and  under  peculiar  con- 
ditions, so  that  the  proposed  construction  of  a  full  size 
section  of  a  large  cargo  steamer  for  complete  tests  of  the 
method  is  both  interesting  and  satisfactory.  There  is  also 
a  paper  by  an  authority  on  this  subject  which  will  be 
especially  interesting. 

The  fabricated  cargo  ship  and  the  shipyards  for  build- 
ing same  will  also  receive  at  this  meeting  well-deserved 
notice,  for  nowhere  has  the  broad  vision  of  men  along 
these  lines  been  exercised  more  than  in  our  own  country. 

RECORDS 

Records  of  various  processes  have  from  time  to  time 
heen  noted.  The  number  of  frames  erected  in  a  day,  the 
number  of  rivets  driven ;  the  few  days  that  have  elapsed 
between  the  laying  of  the  keel  and  the  launching,  and 
again  between  the  launching  and  the  trial  trip;  the  lineal 
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Protect  Your  Condensers 
from  Rubbish-Strewn  Water 

'TVHE  importance  of  uninterrupted  power  service  is 
A  greater  today  than  ever  before.    For  the  fate  of  the 
Nation— the  winning  of  the  war   depends  largely  on  the 
steady  supply  of  power  to  war  munitions  makers. 

You  know  the  havoc  that  rubbish  in  water  can  work 
with  your  condensers  -how  it  endangers  equipment  how  it 
can  at  any  time  cause  a  shut-down  with  its  consequent  tremen- 
dous loss. 

Don't  continue  to  take  chances.  Install  a  Link-Belt  Trav- 
eling Water  Screen  between  your  water  supply  and  the  con- 
densers. It  automatically  removes  all  rubbish  and  debris  from 
the  water.  Insures  steady,  uninterrupted  operation  regardless 
of  water  condition.  Rigidly  constructed  to  meet  most  severe 
service. 

Write  for  Folder  No.  306  giving  details.    Address  nearest  office. 


Link-Belt  Company 
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amount  of  caulking  both  on  wood  and  steel  ships,  and  so 
on  to  absurdity. 

We  venture  to  say  that  in  ever)'  instance  of  these 
special  records  there  has  been  special  preparation  that  the 
records  shall  be  made.  The  fact  remains  that  the  general 
results  attained  in  the  long  run  are  not  in  accordance  with 
the  records  and  it  were  better  to  remember  that  400  rivets 
for  every  gang  for  a  day's  work  is  a  more  satisfactory 
performance  than  an  occasional  1,000  or  more  rivets. 

It  is,  how  ever,  to  be  said  in  justice,  that  the  perform 
ance  of  finishing  a  ship  in  an  unusually  short  time  and  the 
performance  repeated  over  and  over  as  has  been  done,  is 
worthy  of  the  highest  commendation. 

THE  FUTURE 

I  have  said  nothing  about  the  Navy,  for  it  is  evident 
from  the  statements  published  from  time  to  time  that  the 
interests  and  upbuilding  of  the  Navy  have  not  only  been 
well  taken  care  of  in  the  recent  years  of  the  great  war, 
but  that  they  will  also  be  as  well  advanced  in  the  future. 

It  is  to  the  American  merchant  marine  that  we  must 
particularly  attend.  The  shipyards  in  which  our  naval 
vessels  have  in  the  past  been  built  will  also  build  what  will 
be  required  for  the  Navy  of  the  future.  They  will  as 
well  produce  their  proportion  of  merchant  vessels,  and 
in  addition  we  now  have  all  of  the  new  shipyards.  Our 
shipyards  have  produced  during  the  year  a  greater  ton- 
nage of  merchant  vessels  than  was  ever  heretofore  in 
any  one  year  produced  in  the  yards  of  the  greatest  ship- 
building nation  in  the  world.  The  United  States  has 
spent  and  contracted  to  spend  enormous  funds,  primarily 
to  help  put  down  the  war  and  incidentally  to  place  upon 
the  seas  a  great  tonnage  under  their  flag. 

Now  that  the  inevitable  end  of  the  great  war  is  rap- 
idly approaching,  the  problems  following  the  destruction 
and  disorganization  caused  by  the  war  demand  the  atten- 
tion of  our  best  ability  and  judgment.  I  pass  all  of  the 
problems  not  in  themselves  socially  pertaining  to  this 
Society-  The  one  great  problem  for  us  to  consider  is  that 
of  the  future  of  our  merchant  marine  and  what  is  to  be 
done  for  it. 

You  who  are  owners  of  ships  and  shipyards,  and  you 
who  design  and  construct  ships  cannot  be  indifferent  to 
this  question.  There  arc  at  present  in  service,  as  has 
been  stated,  ten  million  gross  tons  of  American  merchant 
ships,  double  the  amount  three  years  ago,  and  there  is  a 
capacity  in  our  yards  for  building  in  addition  to  the 
ships  for  the  Navy  at  least  three  million  gross  tons  |>er 
annum.  Some  of  these  yards,  of  course,  build  wood 
ships  which  will  be  useful  coastwise  if  not  across  the 
seas;  but  when  the  war  is  really  over,  shall  we  as  a 
nation  supinely,  as  in  the  past,  permit  the  other  nations 
of  the  world  to  carry  our  entire  commerce  overseas? 

It  is  incredible  that  any  administration  of  the  United 
States  Government  shall  thus  sacrifice  the  great  funds 
and  efforts,  individual  and  collective,  that  have  been 
expended  in  the  past  two  years  to  build  up  facilities,  to 
educate  men,  and  women  too,  in  order  that  we  may  have 
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and  operate  ships  of  our  own ;  and  if  there  are  laws  upon 
our  statute  books  that  prevent  our  reasonable  operation 
of  ships,  they  must  be  amended;  if  our  loading,  unloading 
and  other  port  facilities  are  not  what  they  should  be,  they 
must  be  changed;  if  there  is  anything  which  interferes 
with  our  progress  upon  the  seas,  it  must  be  removed,  and 
if  there  is  anything  yet  lacking  to  advance  this  progress, 
even  government  ownership,  or  private  ownership  aided 
by  a  judicious  government,  it  must  be  developed  not  for 
the  advantage  of  any  section  or  coast,  but  for  the  needs 
and  advantage  of  our  whole  nation. 

I  recall  at  this  point  the  wild  statements  made  early 
in  1917  as  to  our  promised  ship  production.  No  one 
familiar  with  our  business  was  deceived;  but  when  the 
summer  of  that  year  had  passed,  and  numerous  yards  had 
been  established  and  the  great  number  of  fabricated  ships 
had  been  contracted  for,  our  hopes  were  raised  that 
there  would  be  during  this  year  1918  a  production  of  ships 
in  our  yards  considerably  greater  than  ever  before  pro- 
duced in  one  year  in  any  other  single  nation.  We  have 
not  realized  these  fond  ho|»es.  but  I  ask  you  to  consider 
what  has  been  done  in  the  country  besides  building  ships. 

Think  of  the  enormous  tasks  accomplished  in  the  past 
twenty  months,  three  of  which  were  the  hardest  winter 
months  ever  known  in  this  country.  Think  of  the  can- 
tonments and  camps  built  for  soldiers,  sailors  and  avia- 
tors; the  raising  of  an  army  of  three  million  men  and  the 
manufacturing  of  clothes,  guns,  artillery,  munitions  and 
supplies  for  such  army ;  the  despatching  "  over  there  " 
with  the  aid  of  our  allies  of  an  army  of  two  million  men 
and  all  of  the  impedimenta  of  war  besides;  the  further 
extraordinary  work  done  by  the  several  aid  associations, 
the  Red  Cross  and  others;  and  with  it  all,  the  raising  of  a 
fourth  Liberty  Loan  of  six  billion  dollars  in  three  weeks, 
following  the  raising  of  nine  billions  in  the  other  loans 
and  ever)'  one  of  the  loans  oversubscribed. 

Think  of  these  accomplishments  far  greater  than  ever 
before  performed  by  any  nation  in  the  same  period  of 
time,  and  you  will  conclude  that  building  the  yards  and 
two  million  gross  tons  of  ships  in  twelve  months  while  all 
of  the  former  program  was  also  being  carried  on  is  an 
additional  accomplishment  worthy  of  notice  and  praise. 


RECONSTRUCTION  IN  PHILADELPHIA 
AFTER  THE  WAR* 

By  ALBERT  N.  HOGG 
Assistant  Cashier.  Com  Exrhangr  National  Bank,  Philadelphia 

THE  banker  must  necessarily  be  a  student  of  condi- 
tions in  various  lines.  He  especially  will  observe 
local  industrial  and  commercial  development,  and 
will  perceive  running  through  that  development,  like  the 
woof  iu  the  warp,  the  things  that  constitute  many  other 
factors  in  community  upbuilding. 

Human  nature,  after  all,  is  very  much  the  same; 

♦  l.umheori  address,  Engineers'  Club  of  Philadelphia,  Tues- 
day. September  3,  1918. 
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Doing  Business  with  a  Yard  Stick 

Stephen  Girard — that  hard-fisted,  hard-hitting,  straight-thinking  merchant 
prince,  banker,  ship  owner,  who  still  wields  a  considerable  influence 
through  the  powerful  banking  institutions  and  charities  that  bear  his 
name — never  did  business  on  sentiment. 

He  was  not  moved  by  any  appeal  save  that  of  security  for  his  investments 
and  property.    Stephen  Girard  transacted  his  business  with  a  yard  stick. 

It  is  significant  that  this  man,  the  first  of  our  great  National  business 
men,  should  insure  all  his  property  in  the  North  America. 

And  it  was  the  confidence  of  these  early  leaders,  who  won  during  the 
days  when  nothing  was  certain,  that  has  ever  since  been  an  Inspiration 
and  an  Incentive. 

ItiiTuranee  Compariy~  of* 

North  America 

PHILADELPHIA 

Third  and  Walnut  Streets 

Capital.  $4,000,000  A«et..  over  $28,400,000 

Surplua  to  Policyholder.,  over  $12,317,502.26 


Inland  Transit  Die  and  Occupancy  Marine  War  Riak 

Salesman'*  Floater  Builders'  Risk 
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energy  is  just  as  potent  a  force  in  the  Philadelphia  citi- 
zen as  it  is  in  the  man  who  lives,  for  instance,  in  Chicago 
— the  difference,  if  there  is  one,  is  largely  psychological. 
I  make  this  statement  without  any  reservation.  The  psy- 
chological condition  in  Philadelphia  is  due  primarily  to 
the  fact  that  the  existence  of  some  three  hundred  and 
seventy-five  thousand  separate  homes  has  prevented  a 
free  interplay  of  that  social  and  community  spirit  which 
recognizes  no  barrier  in  a  neighbor's  back  fence.  "A 
man's  home  is  his  castle  "  is  an  attractive  and  trite  say- 
ing;  but  when  our  thousands  of  business  men  retire  each 
within  his  separate  castle,  he  becomes  as  a  community 
factor,  apart  and  alone.  He  is  quite  content  to  assume  the 
role  of  critic  in  all  things  that  make  for  community  up- 
lift and  then  to  let  "  George  do  it  "  when  the  question  of 
his  own  duty  in  the  premises  confronts  him. 

The  psychological  condition  is  also  responsible  for 
the  lack  of  a  broad  commercial  development  of  the  city. 
It  retards  us  from  assuming  the  higher  commercial  posi- 
tion to  which  our  industrial  resources  logically  entitle  us. 
Not  only  has  there  been  lacking  proper  coordination  of 
and  cooperation  between  our  varied  business  interests,  but 
there  has  been  lacking  broad  individual  action  also. 

We  have,  I  venture  to  say,  our  full  share  of  mechani- 
cal and  industrial  engineers;  what  we  have  lacked  has 
been  commercial  engineers,  if  that  term  is  permissible, 
Hamburg,  the  greatest  port  in  Europe  before  the  war, 
is  largely  a  port  of  transmission.  The  location  of  Ham- 
burg, over  eighty  miles  from  the  sea,  is  not  unlike  that  of 
Philadelphia. 

New  York,  with  over  ninety  steamship  lines  to  all 
quarters  of  the  globe,  with  a  vast  reservoir  of  banking 
capital  and  foreign  exchange  facilities,  making  it  to-day 
the  money  centre  of  both  hemispheres,  is  essentially  a 
commercial  and  financial  centre.  Philadelphia,  by  con- 
trast, has  been  thus  far  an  industrial  and  manufacturing 
centre.  The  fact,  nevertheless,  remains  that  local  enter- 
prise has  been  growing  beyond  the  limitations  of  old  bank- 
ing lines,  and  it  is  quite  true  to-day,  I  think,  that  our 
ideas  of  banking  requirements  need  revision.  Philadel- 
phia's record  for  conservative  hanking  has  long  been  an 
enviable  one.  New  York  may  be  said  to  be  quite  as  con- 
servative—the points  of  distinction  are  the  larger  legal 
loaning  limit  which  many  New  York  institutions  enjoy 
because  of  their  larger  capital  and  the  existence  of  many 
private  banking  concerns  with  ample  capital  for  the  pro- 
motion of  construction  projects.  To-day,  precedent 
proves  nothing,  and  old  ideas  of  proportion  must  needs 
be  reconstructed  if  a  community  is  to  be  in  the  van  of 
progress. 

We  have  not  capitalized  mir  opport unities,  commer- 
cially, in  the  same  proportion  that  they  have  been  capital- 
ized industrially,  while  the  subject  necessarily  compre- 
hends those  other  great  factors  which  are  included  in  a 
consistent  rate  of  community  development,  such  as  good 
housing,  water  supply,  rapid  transit,  parkways,  and  the 
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various  projects  all  tending  to  raise  the  tone  of  the  com- 
munity as  a  place  to  live  in  and  in  the  improvement  of 
facilities  to  take  care  of  the  working  man. 

Consider  what  we  have  as  a  base  for  commercial  ex- 
ploitation :  Within  a  radius  of  sixteen  miles  of  City  Hall 
there  is  an  area  of  767  square  miles,  and  in  comparison 
with  larger  cities  there  is  less  land  not  available,  and  less 
cut  up  by  water  areas.  In  this  area  there  is  a  population 
of  at  least  two  and  a  quarter  million  people  and  a  yearly 
product,  in  peace  times,  exceeding  a  billion  dollars  in 
value.  There  is  a  comprehensive  scheme  devised  under 
a  city  agreement  to  utilize  the  South  Philadelphia  water 
front  by  building  pier  and  wharf  terminals.  Some  njil- 
lions  of  dollars  have  already  been  expended,  which  will 
open  up  a  great  area  of  land  in  that  section  for  home  and 
industrial  development  We  have  thirty-seven  miles  of 
water  front,  a  thirty-five-foot  channel  in  the  Delaware 
and  thirty  feet  in  the  Schuylkill.  We  have  the  largest 
and  most  varied  manufacturing  facilities  and  the  great- 
est labor  market  in  the  world;  the  beginning  of  a  great 
physical  port  development  supplemented  by  a  natural 
gateway  to  the  open  sea,  as  well  as  the  greatest  shipbuild- 
ing centre  in  the  world;  and  we  have  almost  at  our  back 
door,  as  it  were,  the  greatest  steel,  coal  and  cement  sup- 
plies in  the  country.  Suddenly  this  great  section  has  been 
swept  along  in  the  tide  of  a  tremendous  war  business  that 
has  carried  away  old  moorings ;  borne  us  out,  as  it  were, 
into  the  open  sea  of  international  trade  and  developed  al- 
most over  night  many  of  the  great  natural  advantages 
which  have  been  slumbering  here  for  generations,  await- 
ing, it  is  to  be  regretfully  admitted,  this  great  national 
crisis  to  make  them  spring  into  life. 

In  the  commercial  course  of  Philadelphia  we  are  now 
nearing  the  point  where  it  will  be  determined  whether  the 
momentum  of  the  present  abnormal  activity  carries  us  into 
a  new  and  broader  channel  of  commercial  development 
and  whether  our  psychological  condition  as  well  as  our 
commercial  viewpoint  will  undergo  the  reconstruction 
process  necessary  to  enable  us  to  realize  our  commercial 
possibilities.  It  is  to  be  seen  whether  the  new  idea  of 
cooperation  which  is  abroad  in  the  land  will  find  lodg- 
ment in  the  minds  of  our  business  men;  whether  our 
business  organizations,  such  as  the  Chamber  of  Com- 
merce, will  get  together  in  this  new  spirit  of  coopera- 
tion and  help  swing  into  line  the  many  factors  which  enter 
into  the  solution  of  the  problem — to  fuse  the  complex 
elements  that  enter  into  the  reconstruction  problem  fac- 
ing Philadelphia  after  the  war;  whether,  in  a  word,  we 
shall  pool  our  resources  and  efforts.  In  a  municipal  sense, 
splendid  provisions  for  a  proper  correlative  development 
have  been  made.  The  great  question,  it  seems  to  me,  is 
the  psychological  one:  the  evolution  from  an  insular  view- 
point on  the  part  of  our  people,  individually  and  collec- 
tively, to  a  state  of  mind  that  sinks  narrow  rivalries  in  a 
broad  effort  which  has  for  its  base  the  necessary  element 
of  thorough  cooperation. 
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LEWIS  II.  KENNEY,  Chairman 


REGULAR  MEETING 

at  Withcrspoon  Hall 
Tuesday,  December  17,  8.15  P.M. 
Mr.  Frederick  K.  Morris 

of  the  Department  of  Geology,  Columbia  University 

will  present  a  paper,  illustrated  with  motion  pictures  and  lantern  slides,  entitled 

"  THE  FOURTH  YEAR  " 

Members  of  the  Club  and  of  affiliated  societies  are  privileged  to  invite 
ladies  to  the  meeting. 

Mr.  Morris  will  present  a  brief  review  of  the  events  that  led  up  to  tlic  situation  that 
exited  at  the  IxgimiiiiK  of  1918.  Then,  more  fully,  the  1918  campaign  will  be  considered,  the 
topojp-aphy  of  the  country,  the  strategy  devised  by  the  Germans  in  each  of  their  great  drives, 
and  the  manner  in  which  these  attacks  were  met;  what  places  the  Allies  yielded;  which 
lines  and  places  they  stubbornly  held;  the  situation  when  the  attack  was  renewed  along 
the  Marne  salient  on  July  16.  and  the  series  of  counter-offensive  strokes  by  which  the  Allies 
regained  and  held  the  initiative. 


TUESDAY  NOON  LUNCHEONS 

The  following  schedule  of  speakers  has  been  arranged: 
December   3    Dr.  Lightner  Witmer,  Department  of  Psychology,  University  of  Pennsylvania. 
December  10   Mr.  Thomas  F.  Armstrong :— "Guilty  or  Not  Guilty." 
December  17   Commander  F.  G.  Coburn,  U.  S.  N.: — "Aeroplane  Construction." 
December  24   Dr.  M .  W.  F  ranklin :— "Peace." 
December  31    Mr.  Fullerton  L.  Waldo :    "America  at  the  Front." 


SECRETARY'S  NOTICES 


A  REGULAR  MEETING  of  the  Club  will  be  held 
Tuesday  evening,  December  17,  1918,  at  8.15,  at  With- 
erspoon  Hall. 

H.  A.  Stocki.v, 

Secretary. 

ABSTRACT  OF  MINUTES 

of  the  Business  Meeting  of  the  Club  held  Tuesday  even- 
ing. November  19,  1918: 

The  meeting  was  called  to  order  by  President 
Stevens  at  8.25  p.m.,  at  Withcrspoon  Hall.  About  600 
members  and  guests  were  present. 

The  minutes  of  the  Thirty -eighth  Annual  Meeting, 
held  May  21,  as  published  in  the  "Journal,"  were 
approved. 

Announcement  was  made  of  the  election  of  eleven 
applicants  to  Active  membership  and  two  to  Junior 
membership. 
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The  following  list  of  names  submitted  by  the  Board, 
in  accordance  with  the  By-laws,  to  constitute  a  Com- 
mittee on  Nominations  for  the  current  year,  was 
accepted : 

F.  C.  Dunlap.  Chairman 

W.  1'.  Dallctt 

Carl  HtrtjiK 

II.  P.  Liversidtje 

'ieorge  li.  Taylor 

William  .S.  Twining 

IX  Robert  Yarnall 

The  paper  of  the  evening,  entitled  "Overseas  Ex- 
periences in  Italy,"  was  presented  by  Mr.  George  W. 
Braden,  former  Y.M.C.A.  Director  of  Athletics  and 
Recreation  for  the  Italian  Army. 

A  unanimous  vote  of  thanks  was  extended  to  Mr. 
Braden. 

The  meeting  adjourned  at  10  p.m. 
OF     PHILADELPHIA  555 


Digitized  by  Google 


ENGINEERS'     CLUB     OF  PHILADELPHIA 


Not  only 
different  in 
design,  but 
different  in 
character 
of  service 
rendered 

■"TWO  valves  may 
1  seem  very  much 
alike,  but  in  service 
their  performance 
may  be  as  different 
as  night  and  day. 
This  difference  may 
be  due  to  the  metal, 
the  design,  or  the 
workmanship.  But  wherever  it  is,  it  usually 
can  be  found.  Take  a  cross  section,  like 
that  of  the  NELSON  valve  shown  above,  and 
examine  it  thoroughly. 

Heavy  Steel  Castings  throughout.  Full, 
clear  Opening  of  port  when  discs  arc  raised. 

The  double  disc  gate  consists  of  two  separate 
discs  on  a  central  wedge,  closing  against 
tapered  seats.  Accurately  machined  guides 
in  the  body  hold  the  discs  in  line  during 
travel,  take  the  strain  and  prevent  chattering 
and  scraping  of  seats.  Discs  move  freely  in 
these  guides  to  their  lowest  point  and  are 
then  wedged  tightly  against  the  seats,  rock- 
ing on  the  wedge  into  any  position  required 
for  perfect  seating.  Great  flexibility  is  thus 
secured  in  the  seating  mechanism. 

Seat  rings,  disc  faces,  stem  and  bonnet  bush- 
ing are  monel. 

Hand  wheel  has  cork  grips. 

Valve  can  be  packed  when  open. 

Bonnet  is  exceptionally  high,  providing  a 
deep  stuffing  box  and  long  condensing  cham- 
ber. This  contributes  to  long  life  of  packing. 

Write  us  for  list  of  important  plants  where 
NELSON  Steel  Valves  are  giving  daily 
satisfaction. 

Nelson  Valve  Company 

7634-40  Queen  St. 
Chestnut  Hill,  Philadelphia 

NELSON 

STEEL  VALVES 


BEFORE  you  can 
properly  reduce 
production  expense, 
you  must  know  not 
only  the  costs  of  raw 
material,  labor  and 
overhead,  but  also 
what  results  are  being 
obtained. 

The  same  condition  applies  to  the  boiler 
room. 

To  make  an  intelligent  saving  of  fuel,  you 
need  detailed  facts  regarding  all  contribut- 
ing factors — water  evaporation  as  well  as 
coal  consumption,  and  such  information 
cannot  be  had  by  guesswork. 

Accurate  figures  can  be  obtained  only  with 
the  aid  of  a  suitable  feedwater  meter  such 
as  the 


V-NOTCH  METER 

•with  X>J£LA  Recorder 


The  YARWAY  by  measuring  and  recording 
all  water  entering  your  boilers  provides 
you  with  the  means  of  detecting  power 
losses  due  to  unsuitable  coal,  leaky  boiler 
settings,  improper  firing  methods,  faulty 
draft  control,  etc. 

Write  for  booklet. 

Yarnall- Waring  Co. 

7634-40  Queen  Street 

=      CHESTNUT  HILL  PHILADELPHIA 


LEAKS  THE  GOOD  POINTS  OF  OTHER  YARWA  Y  PRODUCTS 
Y.rw.r  Stntleu  Blow  Off  V.lv  {formrrl,  Ikt  SIMPLEX) 

Yarway  Pipe  Joint  damp  <  formrrh  the  SIMPLEX ) 
Yarway  Affjuttfthlr  Spray  Head  (C.  C.  Tkoma*  Patent§) 


Yarway  Hydrant*  Valvt  {Caakty  Puttnt*) 
Yarway  Automatic  Rtnlrr  Skimmer 
Yarway  Starling  St  Pmaufe  Unloader  {RicKartlt  PaUnta) 
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SECRETARY'S  NOTICES 


ABSTRACT  OP  MINUTES 

of  the  Regular  Meeting  of  the  Hoard  of  Directors,  held 

HOVBMBER  12,  IMC 

The  meeting  was  called  to  order  at  7.15  p.m.,  with 
President  Stevens.  Vice-President  Wagner,  Directors 
Spencer,  Swaab,  Parker,  James,  Lauer,  Cjuimby,  Terrell, 
Newkirk,  Past-President  Carter,  Treasurer  Kenney  and 
Secretary  Stockly  in  attendance.  Vice- President  An- 
drews, Directors  Gant,  Murphy,  Lee,  Douglas,  Barr, 
Past-Presidents  Ledoux  and  Voglcson  were  excused. 
Vice-President  Eglin,  Directors  Connell  and  Long  were 
absent. 

The  minutes  of  the  Regular  Meeting  of  June  11, 
Special  Meetings  of  July  9  and  August  6,  Organization 
Meeting  of  June  19  and  Regular  Meeting  of  October  8, 
as  issued  to  the  members  of  the  Hoard,  were  approved. 
Actions  taken  at  these  meetings,  together  with  actions 
taken  by  letter  ballot  in  September,  were  also  approved. 

REPORT  OP  THE  PRESIDENT 

Since  the  last  Board  meeting,  the  will  of  the  late* 
Harriet  M.  Prevost,  widow  of  Sutherland  Prcvost,  former 
member  of  the  Club,  was  probated,  by  which  will  $10,000 
was  bequeathed  to  the  "  Engineers'  Society  of  Philadel- 
phia." Notification  was  received  from  the  trustees,  the 
Fidelity  Trust  Company,  inquiring  whether  the  Club 
desired  to  present  a  claim.  This  was  done,  and  recently 
the  auditing  judge  of  the  Orphans'  Court  rendered  a 
decision  in  favor  of  the  Club's  claim. 

President  Stevens  recommended  that  the  bequest 
be  placed  in  trust  and  that  the  By-laws  be  revised, 
creating  a  board  of  trustees  whose  function  it  would 
be  to  care  for  these,  as  well  as  similar  bequests ;  and 
the  recommendation  was  referred  to  the  Committees  on 
By-laws  and  Finance. 

The  Philadelphia  Section,  Association  of  Iron  and 
Steel  Electrical  Engineers,  have  notified  us  of  the  ap- 
pointment of  the  following  representatives  on  our 
Board  and  Committees: 

Board  of  Directors  D.  M.  Petty 

Committee  on  Meetings   Linn  O.  Morrow 

Committee  on  Public  Relations  .  .George  W.  Richardson 
Committee  on  Publications   A.  J.  Standing 

REPORT  OP  THE  SECRETARY 

Nine  resignations  from  members  in  good  standing 
were  presented  and  referred  to  the  Committee  on  In- 
crease of  Membership. 

The  following  deaths  were  announced : 

John  Downham   Active  Member,  died  Oct.  6.1918 

Silas  G.  Griffith  Active  Member,  died  Oct.  10. 1918 

W.  E.  Herring  Active  Member,  died  Oct.    9. 1918 

Win.  A.  Moncure  Active  Member,  died  Oct.    2,  1918 

Lieut.  F.  L.  Prichett  .  .Active  Member,  died  Sept  6,  1918 

Henry  S.  Raub  Active  Member,  died  Oct.    8.  1918 

DeWitt  C.  Smith   Active  Member,  died  Oct.  14.  1918 

George  M.  Spear   Active  Member,  died  Oct.  4,1918 

Ensign  J.  R.  Zeckwer.  .Active  Member,  died  Oct.  15.  1918 
James  Rowbottom  ....  Active  Member,  died  Nov.   6,  1918 
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A  copy  of  the  minutes  of  the  first  fall  meeting  of 
the  Faculty  of  the  Towne  Scientific  School,  University 
of  Pennsylvania,  pertaining  to  the  late  Dr.  Edgar  Mar- 
burg, was  presented. 

REPORT  OF  THE  COMMITTEE  ON  MEMBERSHIP 

The  Committee  presented  a  report,  and  the  follow- 
ing were  elected : 

To  Active  Membership: 
'Alvin  Ward  King 
James  VV.  Paxton 
Fred  M.  Ryder 
To  Junior  Membership: 
Alfred  A.  Adlcr 
Harry  A.  Billig 

REPORT  OF  COMMITTEE  ON  PAPERS 

The  Society  of  Naval  Architects  and  Marine  En- 
gineers held  their  Twenty-sixth  Annual  Meeting  at 
Witherspoon  Hall,  November  14  and  15,  with  regis- 
tration headquarters  at  the  Gold  Room,  Bellevue- 
Stratford.  We  have  corresponded  with  Mr.  William  G. 
Coxc,  Chairman  of  the  local  Committee;  and  Mr. 
Stevenson  Taylor,  President  of  the  Society,  has  ex- 
tended a  cordial  invitation  to  our  members  to  attend 
their  meeting.  We  are  issuing  the  invitation  to  our 
membership  with  the  notice  of  our  November  19th 
meeting. 

The  Committee  is  of  the  opinion  that  it  is  desirable 
to  occasionally  arrange  for  addresses  at  our  Tuesday 
Noon  Luncheons  on  municipal  engineering  subjects 
for  the  information  of  our  members.  These  addresses 
might  result  in  the  Club's  taking  some  official  cogniz- 
ance of  these  engineering  undertakings,  and  we  might 
in  this  way,  by  means  of  the  press,  keep  the  Club 
before  the  public. 

Our  attention  has  quite  frequently  been  called 
during  the  past  few  months  to  the  reprinting  in  various 
magazines  and  technical  journals  throughout  the 
United  States  of  articles  published  in  the  Club  "Journal." 
Credit  is  usually  given  to  the  "Journal,"  although  in  some 
instances  this  has  not  been  done;  hut  an  inquiry  has 
usually  brought  forth  the  response  that  credit  was 
omitted  due  to  oversight,  and  proper  credit  would  be 
given  in  the  future. 

COMMITTEE  ON  NATIONAL  SERVICE 

The  question  of  providing  a  suitable  service  flag  for 
the  Club,  which  was  referred  to  the  Committee  by  the 
Board  at  its  October  meeting  was  considered  by  the  Com- 
mittee, and  a  new  service  flag  has  been  pur- 
chased and  hung  outside  the  Club  house. 

NEW  BUSINESS 

It  was  suggested  that  an  engraved  holiday  greet- 
ing card  be  sent  as  soon  as  possible  to  the  members 
of  the  Club  in  active  service.  The  suggestion  was  re- 
ferred to  the  Committee  on  National  Service,  with 
power  to  act. 

The  meeting  adjourned  a,t  9.10  p.m. 

H.  A.  Stockly, 
Stcretory. 
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r  PULLEYS  1 

Tests,  under  working  conditions, 
have  shown  that  American  Steel 
Split  Pulleys  transmit  more  power 
with  less  waste  than  any  other 

pulley  on  the  market.  De- 
tailed printed  report!  of  tliete 
teits  on  request. 


"Gettinr  \fj.x-mum  Pulley 
t'fieieney,"  a  valuable  JJ- 
pafe  took  on  pulleyr,  free 
on  request. 

The  American  Pulley  Co. 

riuUd.iphio,  i'. 
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Mechanical  Rubber  Goods 

For  over  Thirty  Years  we  have  been  furnishing  many  of  the  largest  Railroads,  Steel  Mills  and  Industrial 
Plants  of  all  descriptions  with  their  requirements  for  rubber  goods. 

"Quaker  Quality"  is  known  wherever  rubber  goods  are  sold.    Our  specialties  arc  all  leaders  in  their  line. 

Daniel's  P.  P.  P.  Rod  Packing,  Ironsides  Rubber  Belt, 
Ebonite  Sheet  Packing     Ebonite  Steam  Hose 

Also  large  manufacturers  of  complete  line  of  mechanical  rubber  goods.    Belting,  Hose  for  every  purpose,  Rod 

and  Sheet  Packing,  Gaskets,  Pump  Valves,  etc. 

Send  for  our  new  Mechanical  Rubber  Goods  Catalogue.    Just  off  the  press.    Address  Department  M 

QUAKER  CITY  RUBBER  COMPANY 


Main  Office 
and 
Factory 

PHILADELPHIA 


Branch  Stores 
CHICAGO 
PITTSBURGH 
NEW  YORK 
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DILLOR  BROOWELD  WILSON 

Care  of  General  Electric  Co.,  Witherspoon  Bldg.,  Philadelphia,  Pa. 
Sales  Engineer. 

Proposed  by  Baxter  Reynolds  and  H.  F.  Sanville. 

FOR  ELECTION  TO  JUNIOR  MEMBERSHIP 

WALTER  BAIRD 

1521  North  Edgcwood  Street,  Philadelphia,  Pa. 
Mechanical  Designer,  Niles-Bement-Pond  Co. 
Pr<.|>osed  by  Sydney  Buckley  and  John  H.  Nurtall. 

L.  DREW  BBTZ 

Care  of  E.  F.  Drew  &  Co..  Inc..  Swanson  and  McKcan  Streets, 

Philadelphia,  Ha. 
Manager  and  Chemical  Director,  E.  F.  Drew  &  Co.,  Inc, 
Proposed  by  Thos.  G.  I/>vegrove,  Walter  S.  Barry  and  Arthur 
Jr. 


COMMITTEE  ON  MEMBERSHIP 

PAUL  SPENCER,  Chairman 
CANDIDATES  FOR  MEMBERSHIP 

Members  having  knowledge  of  the  candidates  are  invited  to  submit  to  the  Committee  on 
Membership  before  December  9  a  confidential  expression  of  opinion  as  to  the  eligibility  of  the 
candidates;  all  communications  to  be  addressed,  "  Chairman  of  the  Committee  on  Membership, 
Engineers'  Club,  Philadelphia,"  marked  "Confidential." 

All  applications  are  on  file  at  the  Club  and  can  be  referred  to  by  i 

FOR  ELECTION  TO  NAVY  MEMBERSHIP 

DOUGLAS  LTLB  J  OR  HESS 

Machinery  Division,  Navy  Yard,  Philadelphia,  Pa. 
U.  S.  Naval  Reserve  Force,  Lieut,  J.  G.,  for  electrical  duty. 
Proposed  by  Charles  Penrose  and  W.  H.  Connell. 

FOR  ELECTION  TO  ACTIVE  MEMBERSHIP 

WILLIAM  W.  BARNES 

1814-16  Market  Street,  Philadelphia,  Pa. 
District  Manager,  Davis-Bournonville  Co.,  Jersey  City,  N.  J. 
Proposed  by  William  E.  Worcester,  Wm,  P.  Parker  and 
Chas.  G.  Gery. 

RUSSELL  H.  KENT 

Clifton  Heights,  Pa. 
Engineer  and  Executive,  with  The  Kent  Manufacturing  Co. 
Proposed  by  Walter  Y.  Shaw  and  Baxter  Reynolds. 

CLIFTOH  LEE,  JR. 

Emergency   Fleet   Corporation,    140   North    Broad  Street, 

Philadelphia,  Pa. 
Travelling  Engineer.  Emergency  Fleet  Corporation. 
Proposed  by  Thos.  W.  Clarke  and  F.  W.  Dean 

HENRY  0.  NICHOLS 

Glenside,  Pa. 

Salesman,  Square  D  Co. 

Proposed  by  J.  C.  Vogcl  and  Linn  O-  Morrow. 

LIHOAR  STR0TBER  RANDOLPH 

Care  of  V.  S.  Shipping  Board.  140  North  Broad  Street,  Phila- 
delphia, Pa. 

Mechanical  Engineer,  with  U.  S.  Shipping  Board. 
Proposed  by  H.  F.  Sanville,  J.  F.  Stevens  and  Paul  Spencer. 

JOHH  HECTOR  SCHL0HER 

Care  of  Roberts'  Filter  Manufacturing  Co.,  Frankford,  Phila- 
delphia, Pa. 
Chief  Army  Inspector  for  U.  S.  A. 
Proposed  by  Jesse  W.  Robert*  and  H.  F.  Sanville. 

GEORGE  H.  SHAW 

5910  Pulaski  Avenue,  Philadelpia.  Pa. 
Civil  Engineer,  Emergency  Fleet  Corporation,  Philadelphia. 
Proposed  by  B.  A.  Haldeman  and  Isaac  S.  Walker. 

BENJAMIN  FRANKLIN  THEOBALD 

414  North  Third  Street,  Philadelphia,  Pa. 
Salesman  and  Designer,  Alexander  Brothers. 
Proposed  by  Herbert  B.  Allen  and  S.  M.  Swaab. 


THOMAS  J.  PINE,  JR. 

S031  Chestnut  Street,  Philadelphia,  Pa. 
Chief  Yeoman,  U.  S.  N.  R.  F. 

Proposed  by  K.  Warren  Heinrich  and  Henry  C.  Adams.  Jr. 
ABRAHAM  H.  HIRSCH 

1611  South  Fifth  Street,  Philadelphia,  Pa. 
Civil  Engineer,  American  International  Shipbuilding  Co,  Hog 
Island,  Pa. 

Proposed  by  Wm.  Easby,  Jr.,  and  H.  C.  Berry. 

HOMER  L.  KILGORB 

5943  Osage  Avenue,  Philadelphia,  Pa. 
Student  Engineer,  The  Bell  Telephone  Co.  of  Pa. 
Proposed  by  Charles  Wahl  and  J.  D.  Ferry. 


5252  Walnut  Street,  Philadelphia,  Pa. 
Structural  Designer,  Niles-Bement-Pond  Co. 
Proposed  by  Sydney  Buckley  and  John  H.  Nuttall. 


Sales 


PRE8TON  ALFRED  RE  BOB. 

603  Finance  Building,  Philadelphia,  Pa. 
,  Sherritt  ft  Stoer  Co.,  Inc. 
by  M.  A.  Sherritt  and  J.  H.  Wood. 


KORWOOD  VIHCEHT  TAYLOR 

2029  North  Twenty-second  Street,  Philadelphia, 
Architectural  Draughtsman,  The  Atlantic  Refining  Co. 
Proposed  by  Charles  B.  Buerger  and  Chester  J.  Cutting. 


Pi 


POSITIONS  WANTED 
Technical  college  graduate  in  mechanical  and  electrical  engi- 
neering desires  to  change  position  to  one  of  larger  advantage. 
Broad  experience  in  practical  and  executive  engineering  and 
commercial  work.  Now  employed  in  managing  position  and 
accustomed  to  responsibility.    Apply  Engineers'  Club  No.  227. 

ENGINEERS'  CLUB 


POSITIONS  OPEN 
Efficiency  engineer  for  records  and  tabulation.  Location, 
Philadelphia.    Age,  not  important;  education,  not  important 
Requisites:  Character  and  accuracy.   Apply  Engineers'  Club 
No.  256-A. 
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Ml  BtSCONSIBItlTY 


HANDLING  FUEL 
TO  BUNKERS 


To  put  the  coal  where  you 
want  it  so  that  it  is  always 
available  when  you  want  it, 
is  the  function  of  a  boiler 
house  conveyor. 

The  conveyor  must  be  re- 
liable—always on  the  job. 
This  means  ruggedness 
and  simplicity  in  design. 

All  Beaumont  Coal  and 
Ashes  Handling  installa- 
tions are  built  to  conform 
to  these  ideas. 


Catalog  33  describes 
numerous  installations. 

r.h.BEAUMONT  co. 

334  ARCH  STREET 
PHILADELPHIA,  PA. 

New  York     Boston  Chicago 


Specimen  of  a  0MMMf  Screen  Effect. 

ACHILLES'  HEEL— 
AND  ENGRAVINGS 

GREEK  legend  teJtt  at  thai  it  moi  through  the  vulner- 
ability of  a  tiny  ipoi  en  hit  heel  that  Achlllet  met  hit 
death — that  vulnerability  being  coated  by  the  almatl  forgic- 
abU  eanlettnttt  cf  Ml  mother. 

Too  frequently,  in  business,  a  "tiny  spot  of 
rulnerabilrty"  causes  dissatisfaction,  delays 
and  losses. 

Especially  is  this  true  of  engravings — if  they 
are  made  without  careful  consideration  of 
paper  to  be  used,  and  printing  conditions. 

We  study  your  needs  from  all  angles,  to  be 
sure  you  will  receive  engravings  that  will 

PREVENT  THAT 
VULNERABILITY 

The  men  in  our  Art  and  Engraving  Depart- 
ments are  experienced,  progressive  workers. 
You  can  have  the  benefit  of  their  ability.  A 
letter  or  telephone  call  will  bring  our  practical 
representative. 

The  Chestnut  Street  Engraving  Co. 

702  Chestnut  Street,  Philadelphia 

N.  E.  QUIRK,  Prei.  J.  T.  H  ANN  AS.  Treu. 
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COMMITTEE  ON  NATIONAL  SERVICE 

GUILLJAEM  AERTSEN,  Chairman 

"  From  these  honored  dead  we  take  increased  devotion  to  that  cause  for  which  they  gave  the  last 
'lift  measure  of  devotion;  these  dead  shall  not  have  died  in  vain." — Abraham  Lincoln. 

Rarker.  Edward  Williams.  .  Sergeant  .  Junior  Member  Died  March  17,  1918,  Camp  Meade,  Admiral,  Md. 

Day,  Richard  F  Lieutenant  Active  Member  Died  September  25,  1918,  Clermont,  France 

Hbtherinoton,  S.  C  1«  Lieutenant   Active  Member    Died  September  28, 1918,  Argonne,  France 

Pricuett.  Frederick  B  Lieutenant  Active  Member  Died  September  6,  1918,  France 

Princb,  Harry  Walter... 1st  Lieutenant  Junior  Member  Died  June  11,  1918,  England 

Zeckwbk,  J.  R  Ensign  Active  Member  Died  October  IS,  1918,  Philadelphia 

MEMBERS  OF  ENGINEERS'  CLUB  IN  SERVICE  IN  THE  ARMY  OR  NAVY  OF 
THE  UNITED  STATES.  AS  OF  NOVEMBER  *5,  1918 

NAME  rank  corps  location 

Arbkv,  J.  F  Lieutenant  4th  Student  Co.,  E.  O.  T.  S  Camp  Humphreys,  Va. 

Alorich,  J.  T  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  -  Washington,  D.  C. 

Allbn.  H.  Butlbr  Lieutenant  U.  S.  Ordnance  Department  American  Expeditionary  Forces,  via  New  York 

Allbn,  J.  G  1st  Lieutenant  Co.  "D,"  56th  Infantry  American  Expeditionary  Forces,  via  New  York 

Altemus,  A.  L   Lieutenant  Co.  "A."  78th  Engineers  Camp  Leach,  D.  C. 

Al/raousK,  A.  K  Co.  5.  E.  O.  T.  S.  _  Camp  Humphreys.  Va. 

Andkrs,  D.  W  Major  Company  D,  S02nd  Engineers  American  Expeditionary  Forces,  France 

Andrews,  J  H.  M  Lieut.  Colonel  Ordnance,  N.  A...  Cotnmdg.  Officer,  Raritan  Arsenal,  Metuchen,  N.  J. 

Asplundth,  E.  T  Captain   103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Attbrbury,  W.  W.  Brigadier-General  .  .  Director-General  of  Railways     France 

Austbrmuhl.  Edward. . .Utilities  Officer  War  Department  -   203  South  4th  Street,  Philadelphia 

Baird,  Hobart  B  Captain   307th  Engineers  American  Expeditionary  Forces,  via  New  York 

Baker,  W.  D   2nd  Lieutenant  Aviation  Corps  France 

Banister,  E.  S  Lieutenant  Ordnance  Officers'  Reserve  Corps..  .Woodbury  Bag  Loading  Plant,  Westville,  N.  J. 

Barnes,  H.  P  Naval  Flying  Corps,  Mass.  Inst.  Technology  Cambridge,  Mass. 

f  vr»*f,r  1                f  CareofS.E.  O..A.S..S.O.  S. ) 
Barnes,  F.  B  ~j       \  \    Electrical  and  Mechanical    }  American  Expeditionary  Forces,  via  New  York 

\Engineer;  J  Department  J 

Bassbtt,  F.  H..  Jr  Officers'  Training  School  Camp  Meade,  Md. 

Bauwan,  C.  U  1st  Lieutenant   Co.  "E,"  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Bear,  H.  K  Lieutenant  Gas  Defense  Service  Camp  Greenleaf,  Ft.  Oglethorpe,  Ga. 

Beatty,  L.  B  Ensign  U.  S.  Naval  Reserve  Force  705  Parker  Ave.,  Collingdalc,  Pa. 

Bell,  Frank  F  Captain  Air  Service  Flying  School  Gcrstner  Field,  Lake  Charles.  Louisiana 

Bergman,  G  Private  Utilities  Co..  Q.  M.C  Camp  Dix,  N.  J. 

Bbscherer,  P  2nd  Lieutenant  319th  Heavy  Artillery  Camp  Gordon.  Ga. 

Bbtus,  A.  J..  Major  A.  P.  O.  720,  American  Expeditionary  Forces,  via  New  York 

Bi ester,  W.  H.,  Jk  Corporal  "Co.  E."  103rd  Engineers  American  Ex|>ediUonary  Forces,  via  New  York 

Bishop,  A.  B  2nd  Lieutenant   Dept.  Military  Aeronautics  Camp  Jackson,  Columbia,  S.  C. 

Bordhs,  J.  M  2nd  Lieutenant  Ordnance  Reserve  Corps   Hudson  Motor  Car  Co.,  Detroit,  Mich. 

Borrksen,  W.  Y.  315th  Infantry  Camp  Meade,  Admiral,  Md. 

Boyd,  F.  P  {fingineer  Officer} U-  S"  NavaI  Reserve  Porc*  Submarine  Base,  New  London,  Conn. 

Boyd.  G  1st  Sergeant   Gas  Service. .A.  P.  O.  717,  American  Expeditionary  Forces,  via  New  York 

Bradford,  J.  S   Major   103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

I  Hqrs.  Base  Section  No.  3.  Line  of  Communication. 
Bradt,  Morris  1st  Lieutenant  Ordnance  Officers"  Reserve  Corps        A.  E.  F-,  Goring  Hotel,  Grosvenor  Gardens, 

I  London.  S.  W.  1 

B ransom e,  E.  D  Ensign  Naval  Air  Service  Naval  Station,  Pensacola,  Pla. 

Bream,  C  C  Corporal  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Brben,  J.  W  Captain  Engineers  U.  S.  R  A.  P.  O.  702,  Amer.  Exped.  Forces,  via  New  York 

Brbwkr.  P.C.,  Jr  Lieutenant  4th  Regt.  Engineers  Camp  Humphreys,  Va. 

Brinton,  J.W.  Lieutenant  Quartermaster  Officers'  Reserve   Depot  Quartermaster,  Baltimore,  Md. 

BRirr.  G.  H  Ensign..  {U-  s-£g£  £™tion}  Eastleigh,  England 

Britten,  D.  J  Captain  Ordnance  Officers'  Reserve  Corps.. Inspector  of  Ordnance,  Haddon  ApU.,  Cleveland,  O. 

Broadbead,  Alex  19th  Reserve  Engineers  American  Expeditionary  Forces,  via  Now  York 

C'  M {utility^uchntlnt'  fturaks  "B"} Cam^  Mcade'  M«*"l,  Md. 

«,  J.  A   Major   Ordnance  Officers'  Reserve  Corps  Smithtown,  L.  I.,  New  York 

Brown,  N.  F   Major  Railway  Engineer.  {m GS"w%FAtterbury 

Brown,  P.  D      19th  Reserve  Engineers   American  Expeditionary  Forces,  via  New  York 

Brown.  R.  V  Lieutenant  Q.  M.  C,  N.  A.,  Advanced  Section,  S.  O.  S  American  Expeditionary  Forces,  Prance 

Brown,  W.  F  1st  Lieutenant  520th  Engineers,  N.  A  American  Expeditionary  Forces,  via  New  York 

Brown,  W.  L  Lieutenant  -Winchester  Repeating  Arms  Co  New  Haven.  Conn. 
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Unusual  Service 


Otto  Gas  and  Gasoline  Kngines  arc 
ever  ready  for  light  or  heavy  loads, 
for  emergencies  or  steady  service. 

They  arc  powerful,  reliable  and 
economical.  Rarely  ntfd  repairs. 

Otto  Engines 

Give  continuous,  unusual  service. 
1U0.000  in  use.  Slock  designs  up  to 
40  H.P.  ready  for  early  delivery. 

Otto  Engine  Manufacturing  Co. 

SiKCNur  to  Otto  G**  Knmnr  Work* 
3219  Walnut  Strwt  Philadelphia,  Pa. 

15-17  So.  Clinton  Street,  Chicago,  111. 


IMPORTANT 

Askrrofcrnr  iachewper 
than  KMolinc ,  a  great 
uvintf  in  operating 
can  w  effected  t>y 
e*ju?p(tirw  your  Otto 
wtcic  on  kerosene 
burning  attachment. 

Um  0u>  Emm  01  nod 

bay  your  Edison  B*t- 
teryrenewala  from  us. 
M«vn«tos]  Consult 
us  before  purchasing. 


Expanded  Metal 
Reinforcement  for  Concrete 

Was  invented  and  first  manufactured 
in  the  United  States. 

The  real  adaptability  and  value  of 
the  material  as  a  structural  clement 
was  discovered  in  Europe. 

THE  RESULT  IS  that  American 
Army  Engineers  in  France  to-day  are 
learning  something  about  expanded 
metal  that  will  be  of  value  to  us  all 
when  they  return. 

It  is  of  interest  to  note  that  within 
the  past  few  months  the  "old  guard" 
of  American  Expanded  Metal  Manu- 
facturers have  come  forward  and  sur- 
prised the  world  with  their  ability  to 
manufacture  heavier  mesh,  larger  and 
more  perfect  sheets  than  has  ever  been 
attempted  in  any  foreign  country. 

The  highest  quality  ExpandedMetal 
in  the  world  is  "made  in  America." 

The  Consolidated  Expanded  Metal  Cos. 

2200  Arch  Street 
Philadelphia,  Penna. 
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THE  De  FRAIN 
SAND  COMPANY 

Building 
Materials 

BEACH  AND  BERKS  STS.,  PHILADELPHIA 

WHARVES: 

BERKS  STREET,  DELAWARE  RIVER 
CHRISTIAN  STREET,  SCHUYLKILL  RIVER 

PRODUCERS  OF  STONE,  GRAVEL  AND  SAND 
FOR  CONCRETE  CONSTRUCTION 

DELIVERIES  BY  TEAM.  RAIL  AND  BARGE 


SUPREMACY 

is  a  word  that  is  pretty  loosely 
employed — too  often  constituting 
the  opinion  of  the  user  solely, 
without  reflecting  general  opinion. 

But  if  supremacy  in  furnace 
bridge  wall  construction  implies 
— as  we  think  it  does — an  all- 
around  superiority  in  a  business 
established  over  a  period  of  years 
and  endorsed  by  organizations 
both  large  and  small,  then  the 
supremacy  of  our  company  and 
our  product — the  "Wager  Patent 
Improved  Furnace  Bridge  Wall" 
— arc  positively  beyond  quibble 
or  question. 

Wager  Furnace  Bridge  Wall  Co.,  Inc. 

1 49  Broadway  New  York  City 

Philadelphia.  Detroit.  Seattle,  Portland,  San  Francisco 
FOREIGN  REPRESENTATION 
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Butlbb,  E.  N.   1st  Lieutenant  103rd  Engineers.  American  Expeditionary  Forces,  via  New  York 

CaCCavaJO,  Jos  Major   G-l  Headquarters,  36th  Division  Infantry  American  Expeditionary  Forces,  via  France 

Cahiix.  B.  H  1st  Lieutenant  Ordnance  Reserve  Corps  301  Sherman  Apart*.,  15th  and  L  Sts.p  Washington.  D.  C. 

Campbell,  C.  C  Motor  Co.  13,  Section  "B"  Camp  Greenleaf.  Ga. 

Carney.  R.  E   {  ^  faired)'  }   Harbor  NavaJ  Station  Hawaii 

Carson,  Walter  32nd  Service  Co.,  Meteorological  Department  American  Expeditionary  Forces,  via  New  York 

Chance,  T.  M  Major   Dept.  of  Chemical  Warfare  Service,  N.  A   Edgewood  Arsenal.  Baltimore,  Md. 

Childs.  H.  P  1st  Lieutenant  23rd  Engineers  American  Expeditionary  Forces,  France 

Clark,  J.  W  Captain  Russian  Railway  Service   Nagasaki,  Japan 

Cleaver,  D.  C.   Private  Co.  10,  3rd  Battalion.  153rd  D.  B    Camp  Dix,  N.  J. 

Cleeland,  R  Ensign  United  States  Navy  Care  of  5020  Race  St.,  Philadelphia 

Cocuban,  W.  L  Ensign   United  States  Naval  Reserve  Forces     London,  England 

Coleman',  G.  K  2nd  Lieutenant  Coast  Artillery  Corps   Fort  Howard,  Md. 

Colgan,  R.  J  Captain  11th  Regiment  Engineers  Care  of  Adjutant  Gen'l.  Washington,  D.  C. 

Cope,  T.  D  Lieutenant..  Air  Service  Langlcy  Field,  Hampton,  Va. 

•  Coulter  Major  {C^C^R-nr.  Corps}  {°^%«°^ 

Crampton,  G.  S  Major   Director  of  Field  Hospitals,  28th  Div.  ..American  Expeditionary  Forces,  via  New  York 

Crowthrr,  E.  C  1st  Sergeant  Base  Hospital  No.  38  Second  Regiment,  N.  G.  P.,  Armory,  Philadelphia 

Cuming*.  C.  A  Captain  Quartermaster  Officers'  Reserve  -  Ft.  Sam  Houston.  Texas 

•  H.  H  -  Lieutenant  Q.  M.  C.  U.  S   I™  &S£t^S& 

Custer,  E.  A  Major  Ordnance  Officers'  Reserve  Corps  Chamber  of  Commerce  Btdg.,  Pittsburgh,  Pa. 

Cutler,  James  B  2nd  Lieutenant  319th  F.  A.  R.  C.  Camp  Gordon,  Ga. 

Darlington,  I.  G  1st  Lieutenant  Gun  Section.  Production  Division  Washington,  D.  C. 

Davies,  C.  E  Lieutenant  Ordnance  Department,  U.  S.  A  Frankford  Arsenal,  Philadelphia 

Dean,  W.  C.  Private  9th  Co.,  1st  Engineers  Ret.  Bn.,  Camp  Forrest,  Ga. 

Dechant,  F.  H  Ensign  U.  S.  Naval  Reserve  Force  Bureau  of  Yards  and  Docks,  Quantico,  Virginia 

Debbv,  C.  P   Captain  Ordnance  Officers'  Reserve  Corps   Aberdeen  Proving  Grounds,  Md. 

Dill,  C.  M  Lieutenant  Headquarters  Co.,  10th  Ba.,  F.  A.  R.  D  Camp  Jackson,  S.  C. 

Donnelly,  J.  B  Captain  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Do  VLB,  T.  H.  2nd  Lieutenant  U.  S.  Quartermaster's  Corps    Overseas  Service 

Dunlap,  V.  R  Lieutenant  Ass't  Civil  Engineer,  U.  S.  N  Naval  Air  Station,  Pcnsacola,  Fla. 

Down,  M.  I   Lieutenant   U.  S.  N.  Anti-Submarine  Force  New  London,  Conn. 

•Dyson.  C.  W  Rear  Admiral  Bureau  of  Steam  Engineering,  U.  S.  N  Washington,  D.  C. 

Eacan.  G.  A  Captain  Ordnance  Dept  _  

Bckhardt,  J  Corporal  10th  Regiment,  3rd  Training  Battalion..  Camp  Meade,  Md. 

Eissnbkey,  R.  H.  Captain  Ordnance  Reserve  Corps   B-l-309  Ordnance  Buildings,  Washington,  D.  C. 

Elcoce,  Chas  {top^'rapScaindfficer} l03rd  En8ineer*  American  Expeditionary  Forces,  via  New  York 

English,  J.  G  Lieutenant  354th  Labor  Battalion.  Q.  M.  C  Gimp  Greene,  Charlotte,  N.  C. 

Essick,  P.  J.,  Jr  Lieutenant  Co.  "A,"  5th  Infantry  Camp  Beauregard,  Alexandria,  La. 

Evans.  E.  M    Lieutenant-  Motor  Transport  Corps  Washington,  D.  C. 

Parr,  Roy  S  2nd  Lieutenant  Engineers'  Reserve  Corps  A.  P.O.  713,  American  Exp'y  Forces,  via  New  York 

Farrbix,  J.  E.,  Jr.  2nd  Lieutenant  Co.  1  B,  4th  Regiment  Engineers  Camp  Lee,  Va. 

Paust,  W.  D  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Penton,  Powell  1st  Lieutenant  Aviation  Corps  American  Expeditionary  Forces,  via  New  York 

Ferrbb.  D.  S  2nd  Lieutenant  Aviation  Section.  Signal  Corps  Ellington  Field,  Houston,  Texas 

Filbert.  C.  B  Captain  41st  Engineers  American  Expeditionary  Forces,  France 

Pish,  W.  N   1st  Lieutenant    Ordnance  Reserve  Corps  Fort  Sheridan,  111. 

Floyd,  H.  B  Private  Co.  "C,"  3  Anti-Aircraft  Machine  Gun  Battalion  .Camp  Wadsworth,  Spartansville,  S.  C. 

Porster,  A.  O  Captain  Army  Supply  Base  59th  St.  and  1st  Ave.,  So.  Brooklyn,  N.  Y. 

Frank,  A._  2nd  Lieutenant  78th  Engineers  Camp  Leach,  D.  C. 

French,  J.  H  _    Care  of  Y.  M.  C.  A. 

Pulwbileb,  J.  E  Lieutenant  Naval  Coast  Defense  American  Expeditionary  Forces,  via  New  York 

Gailino.  H.  W.,  Jb  Private  Marine  Corps  (Aviation)  Philadelphia  Navy  Yard 

Gallagher.  L.  B  2nd  Lieutenant  Railway  Trans.  Dept.,  U.  S.  A.. ..P.  O.  717,  American  Expeditionary  Forces.  France 

Galloway,  James  W.  Captain   Engineers'  Corps   Camp  Humphreys,  Va. 

Gant,  H.  P  Captain  Pig  Point  Ordnance  Depot  :  Pig  Point,  Va. 

Gaboinbb,  P.  M  Lieutenant  U.  S.  Naval  Reserve  Corps  Naval  Training  Base,  Cape  May.  N.  J. 

Garporth,  Ezra  2nd  Lieutenant  23rd  Regiment,  Highway  Engineers  American  Expeditionary  Forces,  via  New  York 

Gaum,  Carl G  1st  Lieutenant      General  Staff,  G,  4,  U.S.A..P.O.  717 

Gaothibr.  Jordan  2nd  Lieutenant  4th  Platoon,  Co.  "C,"  S6th  Engineers..  |A"  P"  °'  702'  Au^y^^Sa°aMTy  V°"**' 

Gbst,  J.  B..  2nd   2nd  Lieutenant  Engineer  Officers'  Reserve  Corps  American  Expeditionary  Forces,  via  New  York 

Grrx,  Ralph  F  2nd  Lieutenant  32nd  Engineers  Camp  Grant,  III. 

Gilbert,  W.  T  21st  Railway  Engineers  American  Expeditionary  Forces,  via  New  York 

Gill  am,  W.  H.,  Jr  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Golddbrger.  J.  L  Private   12th  Co..  1st  Road  Reg  Camp  Jos.  E.  Johnston.  Jacksonville,  Fla. 

Goldsmith,  H.  P  Naval  Aviation  Training  School  Boston,  Mass. 

Goodwin,  H..  JB   .Lieutenant  U.  S.  Naval  Reserve  Forces   jft^G  t!^!3!^^!^ 
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LIFTS  EVERYTHING  "quid  or  soud 

ANYTHING  that  can  be  hunt  direcll)  on  a  hook  or  held  in  a  Con- 
tainer that  will  hang  on  a  hook  is  safely  and  speedily  lilted  by  a 
1  Pord  Tribloc  Chain  Hoist.  No  dantrrr  of  spilling  things  hoisted 
by  the  Ford  Tribloc.  It  i>  equipped  with  the  patented  LOOP  Hand 
CHala  GUIDE  that  makes  holsttnt:  or  lowering  smooth,  through  pre- 
venting "gauging"  ot  chains  in  the  hlockt.  Steel  working  parts,  too. 
add  to  their  safety.  Uw  Catalot  sins  interesting  details. 

FORD  CHAIN  BLOCK  &  MFG.  CO. 

Second  aad  Diamond  Straala  Philadelphia,  Pa. 

  2I44D 


1  Safety  First  and  Always 


Safety  Glasses  for  Every 
Industrial  Purpose 

Care  should  be  exercised  in  select- 
ing the  proper  Eye  Protector  for 
each  particular  kind  of  work. 
Safety  Glasses  increase  the  efficiency, 
safety  and  welfare  of  the  workmen. 

LET  US  HELP  YOU— 
Write  for  information  and  prices  on  our  line. 

McINTIRE,  MAGEE  &  BROWN  CO. 

723  Sausom  Street,  Philadelphia,  Pa. 
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THE  PHOENIX 
IRON  COMPANY 

STRUCTURAL 
STEEL  SHAPES 

Manufacturers  of 
Open  Hearth  Steel 

Work*: 

PHOEN1XVILLE,  PA. 
Main  Office : 

PHILADELPHIA,  PA. 

THE 

PHOENIX  BRIDGE 
COMPANY 

BUILDINGS,  BRIDGES 
and  other  STRUCTURES 

PHOENIX  VILLE,  PA. 


mil  nii'  .minimi 


PREPARE 

TO 

SERVE  YOUR  COUNTRY 

IN  THE 

AIRCRAFT  INDUSTRY 

THE 

Y.M.C  A.  SCHOOL 

OF 

AIRPLANE 
CONSTRUCTION 

TRAINS  MECHANICS  FOR 
FACTORY  OR  FIELD 


FOR  PARTICULARS,  APPLY 
AT 

SCHOOL,  717  NORTH  BROAD  ST. 


Illlllllllllll! 


HUNDRED     AND  EIGHTEEN 

Digitized  by 


Google 


COMMITTEE     ON     NATIONAL  SERVICE 


Oracby,  A.  L  Private  Ordnance  Detachment   A.  P.  O.  717,  American  Exp'y  Forces,  via  New  York 

Craham.  W.  R  1st  Lieutenant  {sigrud  Mce^Rrtcrvc}-"--  Avialiw1  Mob  Camp.  Cump  Sevier.  Greenville.  S.  C. 

Oravell.  W.  H  Captain  Engineer  Officers'  Reserve  Corps   [Cl™  No-  19'  ^^^"J  EnKnf-  Scb°°1' 

Gray,  B.  D  Major  Signal  Corps,  U.  S.  A  Adams  Bldg.',  Washington.  D.  C. 

■Gheus,  John  J.  Officers  Material  School. .   University  of  Pennsylvania.  Philadelphia 

Cribbel,  W.  G  Major  Engineers  .  Camp  Humphreys,  Va. 

•Griffin,  R.  S  Rear  Admiral  .  Eng.  in  Chief,  U.  S.  N.  Bur.  of  Steam  Engineering  Washington.  D.  C. 

Grossman,  P.  R  Private  G.  H.  Q.  Amer.  Expeditionary  Forces  U.  S.  M.  P.  O.  No.  706.  Prance 

G william,  Mah  R.  M  Captain  21st  U.  S.  Infantry  San  Diego.  Calif. 

Hahn,  A.  J   Private..  _  Chemical  Warfare  Service ...  .  Edgewood  Arviuil.  Edgewood,  MrL 

Hall.  W.  A.  ..   Lieutenant  U.  S.  Navy  in  European  Waters . .   Base  17,  Care  of  Postmaster,  N.  Y.  C. 

Hamilton.  H.  A.   at  Lieutenant  Engineer  Officers'  Reserve  Corps   

Hamilton,  R.  D  Captain  Ordnance  Reserve  Corps  Care  of  T.  A.  Gillespie  Loading  Co.,  So.  Amboy.  N.J. 

Harding,  R.  L  1st  Lieutenant  Co.  "  P."  32nd  Engineers  Camp  G  rant,  Rockford,  Iltioois 

Harrowkr,  R.  a    American  Red  Cross  Ambulance  Corp..         {n  ^UX^n^l^c, 

Hakt,  R.  P.,  2nd  ..1st  Lieutenant   44th  Engineers  American  Expeditionary  Forces,  via  New  York 

Hathaway.  H.  K  Lieut.  Colonel  Ordnance,  N.  A  Washington,  D.  C. 

Havens,  C.  R  Meteorological  Squadron,  U.  S.  Signal  Corps  A.  &  M.  College,  College  Station,  Texas 

Hayden,  II.  S.   2nd  Lieutenant  103rd  Engineers  American  Expeditionary  Forces,  via  New  York 

Havdock,  Charlbs   Co.  3,  Engineer  Officers'  Training  School   Camp  Humphreys,  Va. 

Haydoce,  Roger  1st  Lieutenant  Engineer  Officers'  Reserve  Corps  Washington  Barracks.  D.  C. 

Hscsa,  J.  Lieutenant  Engineers'  Depot.    Care  of  Abington,  Pa. 

Hbinricr,  K.  W  Asst.  Naval  Constructor  U.  S.  S.  Iowa  Care  of  Postmaster,  Fortress  Monroe,  Va. 

Henderson,  S.  D  Private  _  304th  Engineers  Camp  Meade.  Admiral,  Md. 

Henry.  J.  C  Qiptain  Headquarters  Dep  t.  19th  Reserve  Engineers .  A.  P.  O.  708,  Amer.  Exp.  Forces,  via  New  York 

Hickby.  Y  2nd  Lieutenant  Hqrs.  1st  Bn.,61st  Infantry  A.P.O.  728,  American  Exp'y  Forces,  via  New  York 

HlNTON.  J.  C  1st  Lieutenant   Engineers'  Corps   Camp  Humphreys,  Va. 

HotXBNBACK,  E.  B  Major  109th  Infantry  American  Expeditionary  Forces,  via  New  York 

Holliste*.  C.J  Captain    Dental  Corps,  28th  Division  American  Expeditionary  Porccs,  via  New  York 

Hooprs,  E.  M.,  Jit  Captain  Utilities  Detachment,  Quartermasters'  Corps.  B.  I0S.  Camp  Meade,  Md. 

Houwbn.  W.  P  CM.  A  United  States  Navy.  Public  Works  Department  Caps  May.  N.  J. 

Hoxwortii,  J.  R  Private  E.  O.  C-,  U.  S  A  Bridgeport  Dint.  Ord.  Off.,  Bridgeport,  Conn. 

Hllmb,  Norman,  .1st  Lieutenant  458th  Truck  Co  A.  P.  O.  760,  American  Expeditionary  Forces,  via  New  York 

Huntbr,  N.  R  2nd  Lieutenant  47th  Engineers  American  Expeditionary  Forces,  via  New  York 

Hutchison,  G.  B  Elcc.  School.  Naval  Operating  Base  Hampton  Roads,  Va. 

Hyland,  G.  N  2nd  Lieutenant...  Mather  Field.  Mills  Station  Sacramento.  Cal. 

Jamison,  R.  B  Sergeant  Camp  Hill,  Newport  News,  Va. 

Jaques.  J.  D  Lieutenant  U.  S.  N.  R.  P.,  Public  Works  Dept  -..Navy  Yard.  Boston,  Mass. 

Jensen,  J.  A   .2nd  Lieutenant  Chem.  Service  Section.  N.  A.  .  American  University  Exp.  Station,  Washington,  D.C. 

John.  R.  R  Officers'  Training  School  for  Coast  Artillery..  Ft.  Hamilton,  Brooklyn.  N.  Y. 

Jonbs.  Jonathan  Captain  23rd  Regiment  Engineers  Amercan  Expeditionary  Forces,  via  New  York 

Kavfmann,  W.  A  C.  M.  M.. .  .Care  of  United  States  Navy  Steam  Engineering  School.  Barracks  No.  6  A,  IVlham  Bay  Park.  N.  Y. 

Kellogg,  L.  P  Care  of  Captain  J.  J.  Jackson,  Division  Train  Hdqrts.,  F.  36,  M.  T.  C.,  Camp  Joseph  E.  Johnston,  Jackson villo.  Fla. 

Kinnboy,  J.  H   Cadet   ..8th  Aviation  Instruction  Centre.  American  Expeditionary  Forces,  via  New  York 

Kent,  S.  L-,  Jr  1st  Lieutenant  34th  Engineers  American  Expeditionary  Porces.  via  New  York 

Kkhn,  F.  X  2nd  Lieutenant  23rd  Regiment  Engineers  American  Expeditionary  Porccs,  via  New  York 

Ketzkr,  P.  R  1st  Lieutenant  U.  S.  Naval  Reserve  Force  Care  of  1520  Real  Estate  Trust  Bldg.,  Phila. 

Klein,  A.  C  1st  Lieutenant  Production  Section,  Gun  Division  Office.  Chief  of  Ordnance.  Washington,  D.  C- 

Kxbass,  E  Ensign  U.  S.  Submarine  Base  New  London,  Conn. 

Knight,  C.  C,  Jr  Lieutenant   318th  PieM  Artillery.  N.  A  American  Expeditionary  Porces.  via  New  York 

Kobixb,  W.  F.  B  Lieutenant  ^Designs  .^Project SQDi vision)     A  p  a  m  Amcf  Expeditionary  Forces,  via  New  York 

Kraus.  P.  T.  2d  Lieutenant  55th  Signal  Battalion,  U  S  A   Amer.  Exp.  Forces,  via  New  York 

Lacy,  Robert     Camp  Humphreys,  Va. 

Larkin,  C.  R  ,  Reclamation  Officers'  Training  Camp  Camp  Joseph  E.  Johnston.  Jacksonville,  Pla. 

Lavbrty,  C.  R._  Private  Co.  "F."  305th  Engineers  Camp  Lee,  Va. 

Lawrence.  G.  E  Lieutenant  J.  G  U.  S.  Naval  Res.  Force. .U.  S.  S.  "Nokomis,"  European  Waters,  care  Postmaster,  N.  Y. 

Lawson.  T.  V   Captain   109th  Infantry  American  Expeditionary  Forces,  via  New  York 

Lea,  E.  S    Major  ..Artillery  Ammunition  Division    Frankford  Arsenal 

Lees,  E.  A  1st  Lieutenant  Company  "E,"  56th  Infantry'  Camp  MacArthur,  Waco.  Texas 

Levin.  J  ..2nd  Lieutenant  Coast  Artillery  Reserve  Corps    Port  Hancock,  N.  J. 

LoeB.  A.  H     154th  Depot  Brigade.  1st  Detachment  Camp  Meade.  Admiral.  Md. 

Logan,  W.  S  26th  Tr.  Battery,  F.  A.  C.  0.  T.  S.    Camp  Taylor,  K>\ 

Lynch,  N.  H  "F"  Co.,  6th  U.  S.  Engineers  American  Expeditionary  Forces.  France 

MacGarriglb.  G.  L  Private         .  Company  "  B."  103rd  Engineers  American  Expjditionary  Forces,  via  New  York 

Maclean,  M.  R.   Major.  Headquarters  5th  Bn.,  154th  Depot  Brigade    Camp  Meade,  Md. 

MacMasteks,  Roy  H.  Naval  Officers'  Training  Camp    Capo  May.  N.J. 

Maokh.  J.  W  1st  Lieutenant   446th  Engineers'  Pontoon  Train  Washington  Barracks.  D.  C. 

Mahan,  J.  H  Lieutenant. ...  .    ...U.S.  Signal  Corps   ...    ...  C.irstiier  Field,  Like  Charles,  Li. 

Mai.lon  G  J    .  .Lieutenant  (Jr.)  U.  S.  Naval  Reserve  Force  U.  S.  S.  "Mt.  Vernon,"  care  of  Postmaster,  N.  Y. 
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SWIND  MACHINERY  COMPANY 

MACHINERY  MERCHANTS 


1110  Widener  Building 


Philadelphia,  Pa. 


STEEL 


STRIP— COLD  ROLLED— SHEETS 

COLD  DRAWN  BARS-" VANADIUM" 
"GREAT  BEAR"— Pat.  High  Speed  Steel 

HOG  AN  <&  SON 

" Headquarters  for  Steel" 

OFFICE  AND  WAREHOUSE: 

237  North  Sixth  Street,  Philadelphia,  Pa. 
Maric.t  499  — PHONES —  Main  4326 


In  construction  periods  the  need  of 
a  good  banking  connection  is  very 
keenly  felt  by  nearly  every  one,  and 
if  you  have  not  already  opened  a  bank 
account,  or  if  you  are  not  entirely  sat- 
isfied with  the  one  you  have,  come  to 

THE  THIRD  NATIONAL  BANK 
OF  PHILADELPHIA 

OPPOSITE  BROAD  STREET  STATION 

This  bank  was  organized  in  the 
stirring  days  of  the  Civil  War,  and 
founded  on  the  ideals  of  strength  and 
fidelity  and  justice  then  being  ham- 
mered into  the  consciousness  of  the 
Nation,  and  now  faces  with  confi- 
dence the  future  at  the  closing  days 
of  this  unparalleled  conflict,  knowing 
that  it  can  meet  the  needs  of  its 
customers  satisfactorily  and  do  its 
whole  duty  to  the  citizenship  sur- 
rounding it.  Sure  in  the  belief  that 
we  will  be  able  to  render  you  services 
meet  for  your  wants,  we  invite  you 
to  give  us  your  financial  problems  to 
solve.    We  are  in  the 

CENTER  OF  THINGS 


V  !!l 
xiv 


D.  J.  NORMOYLE 

Representing 

Alert  Tool  Company 

Machinists  Tools  Ordnance  Work 


Chesapeake  Iron  Works 

Electric  Traveling  Cranes 

237  North  Sixth  Street 
Philadelphia,  Pa. 


E  J.  ROOXSBY 


J.  C  HAYDOCK 


E.  J.  Rooksby  &  Co. 

ENGINEERS  AND  MACHINISTS 

435  N.  1 1th  Strart.  PUIadalpUa.  Pm 

Specialists  in  Engine  Repairs 


-hu.uif  Twa  at  our  Portable  Bonos  Han  Reborias  the  Crlladar  and  Valre 
S*au  of  a  Coriits  Knfinr  at  mux  time. 

Real  Service.  Reliable.  Efficient  and  Economical,  has  caused 
our  many  patrons  to  think  "ROOKSBY"  wbeo  they  need 
"Engine  Repairs."  Call  on  us  when  you  need  our  class  of 
service,  either  emergency  or  routine,  and  you  will  also  think 
"Rooksby."    We  await  your  call. 
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Maltby.  P.  B  Major  Engineer  Officers'  Reserve  Corfu  ...Array  Building.  New  York 

Mann.  CP  1st  Lieutenant  Coast  Artillery  Reserve  Corps  Fort  Revere.  Mass. 

.,,„„._.  ,  n  .   Ir  c  v...  i  n  —  d   [    Asst  .  Naval  Inspector  of  Ordnance. 

Mardaoa,  L  Ensign   U.  S.  Naval  Reserve  Force  ]  ^  StMl  porginVPIant,  Carnegie.  Pa. 

Marks,  Alexander  Private  Co.  '"D,"  29th  Engineers  American  Expeditionary  Forces,  via  New  York 

Martin,  T.  S.,  3rd   1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Maybubry,  W.  G..  Jr  Lieutenant  Uth  Brigade,  P.  A  Camp  Meade,  Md. 

McCausland,  J.  R  |  Ms^uur  'Grade*'  }  U"  S-  Post  °ifice  701,  R"  T-  °M  !iiVcna>'  American  Expeditionary  Forces,  France 

McCuntock,  J.  L  U.  S.  Navy  Radio  Station  Care  of  1937  Ridge  Ave.,  Philadelphia 

McCord,  J.  B  Lieutenant  Colonel  Ordnance,  N.  A  American  Expeditionary  Porces.  Prance 

McCorhick.  J.  C  1st  Lieutenant  Co.  "C,"  1st  Engineers  American  Expeditionary  Forces,  via  New  York 

McCoy,  J.  F  2nd  Lieutenant  Aviation  Section,  Signal  Corps  Camp  Dick,  Dallas,  Texas 

McCracken,  S.  L  Private...  Co." A,"  19th  Battalion  ..  Camp  Lee,  Va. 

McGarrigle,  J.J  1st  Lieutenant  Anti-Aircraft  Artillery,  C.  A.  C.   American  Expeditionary  Forces.  Prance 

McMillan,  H.  L  Major  Engineer  Officers'  Reserve  Corps  Camp  Humphreys,  Va. 

Mkybrs.  W.  C   Captain  Ordnance  Officers'  Reserve.  Inspection  Division  {^y^nitsfeh,  Pa8  °°' 

Millar,  E.  A.,  Jr  1st  Lieutenant  Ordnance,  N.  A...     Camp  Hancock,  Augusta,  Ga. 

Miller,  J.  B.  R  1st  Lieutenant   Chcm.  Warfare  Service     Camp  Humphreys,  Va. 

Miu-er,  P.  W  2nd  Lieutenant  Ordnance  Dept.,  U.S.  A  Raritan  Arsenal,  Metuchcn,  N.  J. 

Mohr.  C.  P  Private  Co.  "B."  45th  Engineers  Camp  Humphreys,  Va. 

Moody.  Wm.  M  Captain  Coast  Artillery  Reserve  Corps  62-S,  Fort  Monroe,  Va. 

Moon,  T.  B  Sergeant  Barracks  C-19,  O.  0.  M.  I.  S  Raritan  Arsenal,  Metuchen,  N.  J. 

Moran,  J.  B  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Mubsch.W.  0..  Jr  1st  Lieutenant  606th  Engineers,  U.  S.  A  Camp  Humphreys,  Va. 

Murphy,  H.  C  -  Ensign  U.  S.  Navy  Bureau  of  Ordnance,  Navy  Dep't,  Washington,  D.  C. 

MusTiN,  Samuel  1st  Class  Yeoman  0»rc  of  Public  Works  Officer.  U.  S.  N  .  Cape  May  City,  N.  J. 

Mvbrs,  W.  T  1st  Lieutenant  16th  U.S.  Cavalry  Brownsville,  Texas 

Nbwlin,  E.  M  1st  Lieutenant  312th  Machine  Gun  Battalion..  Camp  Meade,  Admiral,  Md. 

Niwlin,  J.C  Major  Engineer  Officers'  Reserve  Corps  Amer.  Embassy.  London,  care  of  Vice- Admiral  Sims 

Nixdorp,  P.  S  2nd  Lieutenant  Coast  Artillery  School  Port  Monroe,  Va. 

Nixon-Millbr,  M  Captain  Captain  Com'd'g  Co.  A.  19th  Engrs.  (Rwy)  .American  Expeditionary  Porces,  via  New  York 

Noybs,  S.  H  1st  Lieutenant  1st  Aero  Squadron  Columbus,  N.  M. 

•Oaks.  J.C  Colonel  113th  Engineers  Camp  Shelby,  Hattiesburg.  Miss. 

Orr,  M.  W  2nd  Lieutenant  Field  Artillery,  Separate  Detachment..  .American  Expeditionary  Forces,  via  New  York 

•Otwbxl,  Curtis  W  ..Colonel  319th  Engineers  Camp  Fremont,  Palo  Alto,  Cal. 

Packer,  H.  M  1st  Lieutenant  Park  Aviation  Field  Millington,  Tenn. 

Park,  R.  G  2nd  Lieutenant.  A.  R.  A.  P   Vancouver  Barracks,  Washington 

Pbrry,  Eoward  Sergeant  Motor  Truck  Company  No.  329  Camp  Lee.  Petersburg.  Va. 

Pktmman,  J.  M  2nd  Lieutenant  5th  Bn.,  152nd  Depot  Brigade  Camp  Upton,  N.  Y. 

Phtbrs,  E.  T  ...Chief  Yeoman  Naval  Coast  Defense  Dept.  Public  Works,  Philadelphia  Navy  Yard 

Pwfbr.  H.  W  1st  Lieutenant  Ordnance  Officers'  Reserve  Corps  Bethlehem,  Pa. 

Picklbs,  W.  W   ..  2nd  Lieutenant   U.S.  Public  Health  Service    .{Krtra^tg^t1J^tafgtatio0 ' 

Pierce,  D.  T  Major    American  Red  Cross      France 

Pikb.  Clayton  W  Major  Ordnance  Officers'  Reserve  Corps   Washington,  D.  C. 

P"0".  M  R  Major  21st  Engineers  American  Expeditionary  Forces,  via  New  York 

Ru>Ea-  H   Lieutenant    .   QuarU rmash*'s  Corps   Washington,  D.  C. 

Rawcliffb.  J.  P.  B  Lieutenant  79th  Field  Artillery  Houston.  Texas 

Raynsford.  C  O  Captain  Ordnance  Officers'  Reserve  Corps    Washington,  D.  C. 

Rbbd,  R.  W   2 id  Lieutenant  Hqrs.  19th  Reserve  Engineers,  Railway..  Amer.  Exp.  Forces,  via  New  York 

Rkbd,  Thomas  :  Major  Ordnance  U.  S.  A.    New  York  District 

Rbbdkr,  W.  C  Major  Ordnance  Officers'  Reserve  Corps  Washington,  D.  C. 

Rbningsr,  H.  A   Major  Headquarters.  103rd  Ammunition  Train,  28th  Div  .   Amer.  Exp  Porces,  via  New  York 

Ridgb,  R.  S  Sergeant  Co.  '  A,"  2Jrd  Engineers  American  Expeditionary  Forces,  via  New  York 

Ridoway,  J.  J  1st  Lieutenant  Co.  "P."  318th  Infantry  Gimp  Lee,  Petersburg.  Va. 

Ritchie,  J.  M....   Major  Motor  Transport  Corp*  . .    Washington,  D.  C. 

Rodcers,  E.  M  Lieutenant   Engineers'  Corps    Camp  Lcc.  Va. 

Rogers,  C.  B  Private  201st  Aero  Squadron  ...American  Expeditionary  Forces,  via  New  York 

R0CB"S-  J-  1  United  Bute.  Naval  Reserve  Force  {  J^J^C;  Va. 

Roor,  J.  C  Captain  17th  Engineers  American  Expeditionary  Forces,  via  New  York 

Ro™.  p-  E  1st  Sergeant  Utilities  Department,  Quartermaster's  Con*  Camp  Meade.  Admiral,  Md. 

Rocsh.  G.  A   Captain  Inspection  Division,  Ordnance  Dept   Washington,  D.  C. 

Rvfr-  A.  G  Ensign  U.  S.  Naval  Reserve  Force. .U.  S.  S.  "  Manchuria,"  care  of  Postmaster,  X.  Y.  City 

Russell,  J.  A  Lieutenant  311th  Engineers  Camp  Grant,  koekford.  III. 

Ryan,  E.  J  1st  Lieutenant  Engineer  Officers' Training  Camp  ..   Camp  Humphreys,  Va. 

Sacks,  S.  I   Co.  "j,"  4th  Regiment  Camp  Parry,  Great  Lakes.  III. 

Sanvillb,  L.  P  Private   ..108th  Field  Artillery,  American  Expeditionary  Forces,  via  New  York 
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Same  as  Baking  Bread- 
Method  Determines  Goodness  ! 

Given  the  best  supplies  and  ideal  conditions,  the  inex-  = 
perienced  cook  will  make  a  mess  of  it.  except  by  luck.  = 
Yet  "Mother"  hits  it  every  time. 

That's  just  the  difference  between  other  kinds  of  babbitt 
metals  and 

AJAX  BULL  BABBITT 


The  higHly  perfected  A  pax  process  and  iti  correct  formula,  in  the  s 

i 

run  cooler  tk 


= 


hands  of  our  expert  metallurgitU,  enable  ut   to  guarantee   thai  tor 
general  purposes  A  fax  Bull  will  wear  longer  and  nn 
Genuine,  other  tin  bate,  01  lead  base  babbitts. 

The  Ajax  Metal  Company 

FatabamUi  ISM) 

Main  Office  and  Works:  Southern  Plant : 

Philadelphia,  Pa.  Birmingham,  Ala.  = 

OFFICES: 

New  York  Baton  Si.  Louis 

Sa»  (....  Wsdwsatoa  Wwik 


YOU  NEED  ENGRAVINGS 

Technical  Articles,  Books,  Advertisements,  all  need 
illustrations.  We  make  them  in  a  plant  properly 
equipped,  with  skilled  workmen,  directed  by  men 
versed  in  the  necessary  scientific  theories  and  skilled 
in  their  practical  application. 

We  do  a  great  deal  of  technical,  scientific  and 
mechanical  work  where  mathematical  accuracy 
must  be  combined  with  artistic  execution. 

Get  your  name  on  our  mailing  list.  We  issue  some 
interesting  literature.  Send  for  "Machinery" 
Folder. 


It   A    ,.M,H.  Pm 


GATCHEL  &  MANNING 

PHOTO-ENGRA  VERS 

Opposite  Old  Independence  Hail 
StxnS  aad  Chestnut  Stmtt 

PHILADELPHIA 


; 
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CONCRETE 
MIXERS 


I  FLOORING 

For 
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the  Home.  Store,  Factory,  Etc. 
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WOODOLEUfli  LASTS  A  LIFETIME 
Our  Work  Done  Many  Yean  Ago  Is  Still  Perfect 

The  beat  regulated  and  largest  corporations  in  the  country 
use  and  endorse  "Woodoleum." 

THERE  18  BUT  ONM  WOODOLB V U— ACCEPT  NO  IMITATION 

WOODOLEUM  MFG.  CO.  ^JgZStftfF*" 

iiiiiiniiiiiiiiiiiiiiiniimiiiiiiiiiw 
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WINDOW  GLASS 


PLATE  GLASS 
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Best  Brands  American  Window  Glass.  Ornamental 
and  Sky. Lifht  Glass— Wire  Glass— French 

Plate  Mirrors-  Glaziers'  Diamonds 
Greenhouse  Glass,  Glass  (or  Conservatories 

BENJAMIN  H.  SHOEMAKER 

20$.  207.  209  and  211  N.  Fourth  St..  Phila. 
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r,   ,     t                                              ,ft  v«v»l  A«»»;rtn  rvjachmont  /Massachusetts  School  of  Technology. 

SATTERWHifE,  R.  L.,  Jr  Company  20.  Naval  Aviation  Detachment  ^  Cambridge,  Mass. 


Saute*.  W.  R  t»t  Lieutenant  Ordnance  Officers'  Reserve  ..New  York  Arsenal,  Governors  Island,  N.  Y.  Harbor 

Scraum,  O.  W  f  Mechanical  }  Signal  Corps,  U.  S.  A  Lindsey  Bld'g,  Dayton.  Ohio 

(    Engineer  J 

Sea  ecu,  J.  B  Lieutenant  109th  U.  S.  Infantry  American  Expeditionary  Forces,  via  New  York 

Scnorr,  A.  L  1st  Lieutenant  Signal  Corps,  Land  Division   Fort  Worth,  Texas 

Schwkclbr.  O.  K  .  Reserve  Officers'  Training  Camp  Portress  Monroe,  Va. 

Schwsu&r.  H.  W  Gas  Defense  Service,  Med.  Dept.,  U.  S.  A  Washington,  D.  C. 

Scull,  M.  A.  H  Lieutenant   Railroad  Transportation  Corps.U.S.  A.  P.O.  717,  American  Exp'y  Forces,  via  New  York 

ShallcrOss,  J.  B  Lieutenant  Ordnance  Reserve  Corps..  Inspection  Div.,  6th  &  B  Sis.,  N.W.,  Washington,  D.  C. 

Sheahan,  J.  C  2nd  Lieutenant  M.  T.  S....A.  P.  0.  708,  American  Expeditionary  Forces,  via  New  York 

Shoemaker.  Frederick  F  U.  S.  S.  Suzanne.  S.  P.  510  Cape  May,  N.  J. 

Shustkr,  W.  H.,  Jr  Lieutenant  314th  Infantry  American  Expeditionary  Forces,  via  New  York 

Sigmund.  Paul  E  Hqr„  301st  American  Battalion,  Tank  Corps   British  E.  F..  France 

S»th.  A.  H  Sergeant  {  ^SSSS^O^  I  Att*rican  Exi^tiowry  Forces,  via  New  York 

Sunn.  G.  D  Lieutenant   112th  Infantry-   American  Expeditionary  Forces,  via  New  York 

Smith,  Stanley  -   -Ft.  Thomas,  Ky. 

'Smith,  W.  S   Rear  Admiral  Navy  Department..  Special  Duty,  Naval  Consulting  Board,  Washington,  D.  C. 

Smith,  X.  R  1st  Lieutenant.. Procurement  Division,  Small  Arms  Section,  Ordnance  Dep't,  U.S.  A  j  Washlng^.'  rj.'c 

Spaceman,  H.  S  Lieut.  Colonel  Corps  of  Engineers.  U.  S.  A  (a^^So^ ftSSC&r  York 

Spillan,  J.  J.  D  2nd  Lieutenant   103rd  Trench  Mortar  Battery  American  Expeditionary  Forces,  via  New  York 

St.  John,  Everett  1st  Lieutenant  Battery  "D,"  74th  Artillery,  C.  A.C  American  Expeditionary  Forces,  via  New  York 

Stevenson,  W.  L  Lieutenant  Commander  U.  S.  Naval  Rcscrvo  Force  Care  of  American  Consul,  Bordeaux.  Prance 

Stokes.  D.  B.  Major  Quartermaster's  Corps,  N.  A  Care  of  Hotel  Burlington,  Washington.  D.  C. 

•Tawresbv.  J.  G  Naval  Constructor  Navy  Department  Construction  Officer,  Philadelphia  Navy  Yard 

Taylor,  H  Major  304th  Regiment  Engineers  Camp  Meade,  Admiral,  Md. 

Thacher,  C.  P.,  Jr  1st  Lieutenant  Co.  "A,"  32nd  Engineers  American  Expeditionary  Forces,  via  New  York 

Thacher,  C.  H  2nd  Lieutenant .  .Co.  "A,"  510th  Engineers'  Service  Battalion .  American  Expeditionary  Forces,  via  New  York 

•Thomas.  R.  S  Colonel.  .  22nd  Engineers   Camp  Sheridan,  Montgomery,  Ala. 

Thomson,  H.  A   1st  Lieutenant   Care  of  Utilities  Officer    Camp  Hancock,  Augusta,  Ga. 

Thorpe,  A.  W  Master  Engineer  Chemical  Warfare  Service  Edgewood  Arsenal,  Md. 

TiLLSON,  P.  E  Lieutenant  United  States  Naval  Reserve  Force  U.  S.  S.  "Florida"  (foreign  service) 

Trbtch,  W.  E  Chief  Machinist  Steam  Eng.  School  for  Engineering  Officers  Stevens  Institute.  Hoboken,  N.  J. 

Truhan,  L.  J.  D  Ensign  U.  S.  Submarine  Base,  Barracks  "E"  New  London,  Conn. 

Uhler,  W.  D  Lieut.  Colonrl  Motor  Transport  Corps  Washington,  D.  C. 

Vauclajn.  A.  C  Major  Ordnance  Officers'  Reserve  Corps  Watertown  Arsenal 

Vaughan,  D.  L  Captain  Quartermaster's  Corps.  N.  A  Camp  Logan.  Houston,  Texas 

Voegblin,  E._  10th  Company   Columbus  Barracks,  Columbus,  Ohio 

Voglkson.  J.  A  Major  Sanitary  Corps,  N.  A  Camp  Joseph  E.  Johnston,  Jacksonville,  Fla. 

Ward,  R.  C  -  Captain  Hqr's,  34th  Artillery  Brigade  ..Fort  Adams. R. I. 

W artel,  A  C  2nd  Lieutenant   35th  Regiment  Engineers  American  Expeditionary  Forces,  via  New  York 

Warfel,  J.  P  Lieutenant  U.  S.  Naval  Reserve  Force  Machinery  Division.  Philadelphia  Navy  Yard 

Watson.  G.  L  Lieut.  Colonel  /General  St^.a^Oof  S.G.  2,j  American  Expeditionary  Forces,  via  New  York 

Webb,  Walter  Loring  Major  R.  R.  &  C,  S.  O.  S  American  Expeditionary  Forces  via  New  York 

Webster.  K.  1   (  1IR^n?tT^.ti^n.?di>eLW^rk   \  France 

 \  Friends  Unit  of  the  Red  Cross  / 1 

Wbntz.  E.  M.  Asst.  Paymaster  U.  S.  Naval  Reserve  Force   Care  of  Postmaster.  N.  Y.  C. 

Wheeler,  G.  C  Private  Chemical  Service  Section  American  Expeditionary  Forces,  via  New  York 

Wukeler.  Rubkrt  C.  Captain   Quartermaster's  Corps  Care  of  Port  Utilities  Officer,  Newport  News,  Va. 

Whitakhr,  J.  H  2nd.Lieutenant  317th  Field  Artillery  American  Expeditionary  Forces,  via  New  York 

White,  W.  M    Major   ...Engineers'  Corps   Camp  Humphreys,  Va. 

White,  J.  A  ,  Jr   Private  109th  Infantry....  American  Expeditionary  Forces,  via  New  York 

Wild,  H.  J  Captain  Engineer  Officers'  Reserve  Corps  Washington,  D.  C. 

Wilkinson.  R.  W.  Engineers' Training  School   Carnegie  Institute,  New  York 

Williams,  H.  L  2nd  Lieutenant  319th  Engineers...    Camp  Trcmont,  Cal. 

WiTTK,  W.  E  1st  Lieutenant   Ordnance  Officers'  Reserve  Corps       

WriKH  w»r.  pa  i«»  i  nm^.'  t>—  r>«^.  f  Office  of  Inspector  of  Ordnance,  U.  S.  A. 

°'      * lst  Lieut«naot  Urdnance  Officers  Reserve  Corps  <  Pon,  Moto(.  ^  Highland  Park,  Mich. 

Wood.  E.  R.  Jr  Captain  18th  Field  Artillery,  N.  A  

Work,  Leonard  lst  Lieutenant  52nd  Aero  Squadron,  A.  S.  S.  C  American  Expeditionary  Forces,  via  New  York 

Worrell,  H.  S  2nd  Lieutenant  Coast  Artillery  School  Fortress  Monroe,  Va. 

Worth,  J.  G  Captain  Quartermaster  Officers'  Reserve  Washington,  D.  C 

Young,  R.  L   lst  Lieutenant  Ordnance  R  eserve  Corps  Aberdeen  Proving  Ground,  Aberdeen,  Md. 

Watt,  W.  R  Co.  "H,"  lst  Regt.,  Section  B,  S.  A.  T.  C  University  of  Pittsburgh,  Pittsburgh,  Pa. 

•Zink.  George  A  Colonel  District  Engineers'  Office.  Custom  House  Portland.  Oregon 

•  Army  and  Navy  member. 
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The  Baldwin  Locomotive  Works 


PHILADELPHIA,  PA. 

HHHH8M88 


STEAM  LOCOMOTIVES 

for  all  classes  of  service 

GASOLINE  LOCOMOTIVES 

for  light  industrial,  contractors'  and  switching  service 


Coatesville  Boiler  Works 


MANUFACTURERS 


HEAVY  STEEL  TANKS 


WORKS : 

Coatesville,  Pa. 


For  All  Purposes 

SALES  OFFICES: 
30  Church  St..  New  York      Morris  Building,  Philadelphia 
McQill  Building,  Washington 


HENRY  DeIIUFP 


STKKL  PLANT  AND  BULLING 
MILL  CARS 


De  HUFF  and  HOPKINS 

MORRIS  Bl  II  DING  ii  PHILADELPHIA 

Mechanical  Equipment  and  Supplies 

BUDA  ELECTRIC  STORAGE  BATTERY  Industrial  Trucks 
and  Tractors. 

EAST0N  CAR  &  CONSTRUCTION  CO.,  Industrial  Cars 

and  Equipment. 
GEO.  D.WHITCOMB  CO.,  Electric  and  Gasoline  Locomotives. 
McNEIL  Charging  Barrows,  Steel  Barrows. 
JOYCE  CRIDLAND  LIFTING  JACKS. 
COFFIN  VALVE  CO.,  Sluice  Gates  and  Valves. 


GBO.  A.  HOPKINS 


XVI 
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PHILADELPHIA  ASSOCIATION  OK  MEMBERS  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 


r  ■  1HE  October  meeting,  which  was  the  annual  meeting, 
-  I  was  held  October  7,  1918;  but  because  of  the  influenza 
X  epidemic,  am)  ~.n  obedience  to  the  order  of  the  authori- 
ties, it  was  restricted  to  members  of  the  Board  of 
Directors.  The  next  regular  meeting  will  be  on  the  first 
Monday  In  January,  at  which  time  the  newly  elected  Presi- 
dent, Mr.  F,  Herbert  Snow.  Chief  Engineer  of  the  Pennsyl- 
vania Public  Service  Commission,  will  preside.  Mr.  Calvin  W. 
Rice.  Secretary  of  the-  American  Society  of  Mechanical  Engi- 
neers, and  Mr.  S.  M.  Swaab,  Member  American  Society  Civil 
Engineers,  will  open,  the  discussion  of  the  topic  which  had  been 
programmed  for  the  October  meeting,  and  a  number  of  members 
are  expected  to  participate  in  it.  The  subject  is:  "The  Relation 
of  the  Engineer  to  the  Community,  and  the  Use  of  the  Society 
to  the  Engineer."  There  will  undoubtedly  be  a  large  attendance 
to  greet  the  new  officers.  Informal  topics  of  conversation  at  the 
meeting,  in  view  of  the  important  part  taken  by  Civil  Engineers 
in  war  activities  as  well  as  peace-time  construction,  will  undoubt- 
edly lead  members  into  a  discussion  on  the  Report  of  the 
National  Committee  on  Development,  which,  in  addition  to  seven 
members  at  large,  consists  of  one  representative  each  from  the 
twenty-one  Local  Associations  of  the  Society.  Philadelphia  being 
represented  by  Mr.  Kir  bant  I.  Humphrey.  These  engineering 
specialists  will  endeavor  to  solve  the  knotty  problems  involved  in 
adjusting  the  internal  organization  of  the  Society  to  change  exter- 
nal conditions  as  indicated  in  the  following  abstract  from  the 
Resolutions  of  the  National  Society: 

The  development  and  application  of  the  sciences  in 
recent  decades  have  caused  profound  changes  in  the  social 
and  industrial  relationships  of  all  peoples. 

The  Engineer  has  been  a  leader  in  this  progress. 

Sociological  and  economic  conditions  are  in  a  state  of 
flux  and  are  leading  to  new  alignments  of  the  elements  of 
society. 

These  new  conditions  are  affecting  deeply  the  pro- 
fession of  engineering  in  its  services  to  society,  in  its 
varied  relationships  to  communities  ami  nations,  and  in 
its  internal  organization. 

A  broad  survey  of  the  functions  and  purposes  of  the 
American  Society  of  Civil  Engineers  is  needed  in  order 
that  an  intelligent  and  effective  readjustment  may  be 
accomplished  so  that  the  Society  may  take  its  proper 
place  in  the  larger  sphere  of  influence  and  usefulness 
now  opening  to  the  Profession. 

Such  a  survey  and  readjustment  can  be  accomplished 
successfully  only  with  the  aid  of  the  membership 
throughout  the  country. 


Any  steps  toward  changes  in  organization  must  lead 
to  a  revision  of  the  Constitution  of  the  Society,  which  has 
not  been  materially  modified  for  many  years,  during 
which  thei  Society  has  grown  rapidly  and  has  established 
twenty-two  local  associations  of  members. 

The  Constitution  should  be  revised  only  after  secur- 
ing the  views  of  the  membership  of  the  Society  as  to 
what  its  purposes  and  activities  should  be  and  as  to  the 
instrumentalities  through  which  these  purposes  and  activi- 
ties should  be  carried  out. 

Any  changes  in  organization  must  take  into  account 
all  the  conditions  above  indicated,  and  also  the  relation- 
ship of  the  American  Society  of  Civil  Engineers  to  other 
engineering  organizations  and  to  the  public. 

Therefore : 

Resolved,  That  a  Committee  be  created  to  report  on 
the  purposes,  field  of  work,  scope  of  activity  and  useful- 
ness, organization,  and  methods  of  work  of  the  Ameri- 
can Society  of  ("nil  Engineers,  and  lo  make  recommen- 
dations concerning  these  matters:  die  Committee  to 
consist  of  one  memlier  chosen  by  each  Local  Association 
of  Members,  and  seven  members  at  large  appointed  by 
the  President. 

Resolved,  That  the  President  Ik  instructed  to  select 
from  this  Committee  an  executive  committee  of  not  less 
than  five  nor  more  than  nine  members,  and  to  appoint 
the  chairman  of  this  executive  committee,  who  shall 
also  be  the  chairman  of  the  general  committee. 

Resolved.  That  the  President  be  instructed  to  pre- 
pare a  precept  for  the  general  guidance  of  this  com- 
mittee. 

Resolved,  That  this  Committee  be  requested  to  pre- 
sent to  the  Board  of  Direction  a  preliminary'  report,  not 
later  than  November  I,  1918.  so  that  it  may  be  printed 
and  distributed  to  the  Membership  in  advance  of  die 
Annual  Meeting  in  January,  1910,  at  which  meeting  it 
will  be  presented  for  discussion. 

The  canvass  of  ballots  at  the  annual  meeting  resulted  in  the 
election  of  the  following  officers  for  1919: 

E.  Hmrf.kt  Snow,  President. 

Harbison  SnUDEJ),  Vict  President. 

Hf.nrv  T.  Shelley,  Secretary  for  ftM  years. 

Thomas  Earle,  >   ...  , 

C.  W.  Thorn.     \  ******  for  rtvo  years. 


C.  G.  A.  SCHMIDT,  Jr.,  M.E.  W^™*  bm*. 


(>eo.  1 1  ,iis,  Mfg.  Co. 
Wagon  Ixwulers,  Portable 
Belt  Conveyors. 

Crescent  Truck  Co. 
Industrial  ElectricTrucks. 

Columbus  Conveyor  Co. 
Automatic  Car  Unloaders. 

Knickerbocker  Mfg.  Co. 
Concrete  Mixers,  Pumps, 
Hoists,  Portable  Saws. 
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(Fatatat) 

"PENNSYLVANIA" 

A1U Steel  Frame  Hammer  Cruthrra  (or 
Coal.  Limntonr.  etc. 


COAL  CRUSHERS 

COAL  CLEANERS 

LIMESTONE  MILLS 

CRUSHING  4.  PULVERIZING 
MACHINERY 

PENNSYLVANIA  CRUSHER  CO. 


NEW  YORK 

30  Cnurcl  St. 


Staphan  Clrard  Bids.  PITTSBURGH 
PHILADELPHIA      hmtft  Bank  Bid, 


Bradford  Coal  Cltaflfrt  for  denning  bitu- 
minous coft.lt  and  roclAiromaj 
"gobbed"  coals. 


Illllll.  IIIIIIH 


ESTABLISHED  1860 

THE  JOHN  BAIZLEY  IRON  WORKS 

ENGINEERING,  BOILERMAKING  AND  MARINE  REPAIR  SHOP 
IRON  AND  BRASS  CASTINGS,  COPPERSMITHING  AND  PLUMBING 
OFFICEj  514  SOUTH  DELAWARE  AVENUE 

SHOPS,  510  TO  514  S.  DELAWARE  AVE,  500  TO  520  S.  SW ANSON  ST.,  501  TO  521  S.  WATER  ST. 

PHILADELPHIA,  PA. 


illlllllll  Illllll 


IIIIIIIIIIIIII15 


Charles  Bond  Company 


iimiiiiiii 


0; 


MANUFACTURERS  OF 
OAK  TANNED  LEATHER  BELTING 


-jimm  SI  I A  I  'l  l \<;      HANGERS  . 
1  PULLEYS  ( 

M^^akfiFW  GENERAL  PPLIES  ^ 

520  ARCH  STREET  PHILADELPHIA 


r 


- « 


SHERRITT  &  STOER  COMPANY 

INCORPORATED 

MACHINE  TOOLS — RAILWAY  AND  MACHINE  SHOP  EQUIPMENT 


M  A  SHERR11T 

VICE-FRES.  A  CZH.  MGR. 


6fl3  FINANCE  BUILDING.  SOUTH  PENN  SQUARE 

PHILADELPHIA,  PENNA. 
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